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ABSTRACT 
Documenting changes in soil characteristics induced by agricultural practices is 
important in understanding how different management techniques affect the landscape. 
Three objectives of the research are: (1) to quantify soil organic carbon (SOC) content, (2} to 
quantify soil morphological properties of the individual pedons, and (3) to determine soil 
quality relationship across three levels of pasture quality in the Chariton River Watershed, 
IA. Six pastures were studied in detail with two being each high quality, fair quality, and 
poor quality. Within each pasture, about ten pedons were collected in a summit-toeslope 
transect. Significant differences were found between pedons from the different pasture 
qualities with respect to SOC content, stable aggregate content, thickness of epipedon, and 
bulk density. S OC content of high quality pastures was 15 kg * m-2 * m-1 which was 
approximately 2 and 4 kg * m-2 * m-1 more than fair and poor quality pastures, respectively. 
Results also, indicate that in most cases pedon properties and soil quality are proportional to 
the level of pasture quality. Overall, these data suggest that pasture quality is a good estimate 
of SOC content and soil quality. 
1 
CHAPTER 1. GENERAL INTRODUCTION 
Documenting soil changes induced by agricultural practices is important in 
understanding how different management techniques affect the landscape. Management 
decisions not only determine the economic impact of the land use, but also the quantity and 
quality of crop production, which in turn influences soil organic carbon (SOC) content and 
soil quality (Franzluebbers et al, 1994). Numerous studies relating to SOC content and soil 
quality have looked at how a cultivated field sequesters SOC in terms of "green" economics 
and/or how increased SOC content affects overall environmental quality. Few of these 
studies examined pastures even though pastures and rangeland comprises more than 250 
million HA of the USA (USDA, 1999). 
The goal of this research is to evaluate SOC content and soil quality in pastures of the 
Chariton River Watershed in south central Iowa. To meet this goal I have two objectives: (1) 
to quantify SOC content in pastures of differing managements, and (2) to evaluate soil 
quality across pastures of various managements. 
The Chariton River watershed is a small part (3,000 km2) of the southern Iowa drift 
plain, which is a land region that extends across 60,000 km2 of southern Iowa as well as 
northern Missouri and eastern Nebraska and Kansas (Prior, 1991; EPA, 2001). The Chariton 
River watershed is characterized by rolling uplands and occasional broad plains. All of 
southern Iowa exhibits integrated dendritic watersheds. The southern Iowa drift plain is 
particularly susceptible to erosion due to the relatively unstable nature of the loess on the soil 
surface and the dense, clayey B and C horizons (Rube, 1969). The dissected uplands include 
thin Peorian loess mantling an otherwise highly weathered landscape consisting of 
Yarmouth-Sangamon paleosols and pre-Illinioan drifts. The rolling topography and clayey 
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soils in the Chariton River watershed have influenced farmers to diversify farming practices 
to maximize the productivity of their farms. 
Although a portion of the Chariton River watershed is ideally suited for agronomic 
crop production, much of it and southern Iowa is better suited to the production of forages 
and trees. Corn suitability ratings for the region are among the lowest found in Iowa due to 
the relatively poor soils found (Miller and Fenton, 1998). Common crops for the southern 
portion of the state include corn (Zea mays), soybeans (Glycine max), a variety of cool 
season forages species, and woodlots. According to the 1997 US Census of Agriculture, 
cultivated fields made up about 45% of Lucas and Wayne counties, which are two counties in 
the Chariton River watershed. For those same counties, approximately 3 S % of land was 
pasture, 15%was enrolled in the conservation reserve program (CRP), and approximately 
5 % of the land was used as woodlots 
(http://v~►n►~vw.nass.usda.gov/census/census97/volumel/ia-15/ia2 06.pdf, accessed 01/30/03). 
In short, pastures are the second largest land use in the Lucas and Wayne counties. Since 
these two counties make up the majority of the watershed, it is thought that pastures are also 
the second largest land use in the Chariton River watershed. 
Pastures are valuable in areas like the Chariton River watershed because they are an 
appropriate source of forages on land that is otherwise unsuitable for other crops (Holland, 
1990). The primary goal of pasture management is to maximize animal production; although 
successful pasture management also enhances environmental quality relative to other 
agronomic land uses through increased water retention, decreased water runoff, and 
decreased erosion (Barnes and Baylor, 1995). Continuous cover, perennial vegetation, 
biomass production, and enhanced nutrient cycling in pastures give them great potential as 
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sinks for SOC, although few studies have examined pasture and their affects on sequestering 
SOC in the Midwest (see Clement and Williams, 1964; Follett et. al., 2001). 
Thesis organization 
This thesis includes a general introduction, two independent technical papers 
(Chapters 2 and 3 ), and a general summary. 
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CHAPTER 2: PASTURE QUALITY AND SOIL ORGANIC CARBON CONTENT 
ACROSS THE CHARITON RIVER WATERSHED, IOWA. 
A paper to be submitted to Soil Science Society of America Journal 
J. M. McLaughlin, C. L. Burras, and S. A. Wills 
Abstract 
Pastures are a maj or land use in the rolling hills of the south central Iowa, where 3 5 
of the area is dedicated to cow-calf grazing, yet little is known about soil organic carbon 
(SOC) content in Iowa's pastures. This study quantifies SOC content along transects from 
three levels of pasture quality in the Chariton River Watershed, Iowa. Six pastures are 
studied in detail with two being each high quality, fair quality, and low quality. As a contrast 
SOC content from comparable transects from row cropped fields are used. Within each 
pasture, about ten pedons were collected in a summit-toeslope transect. High quality 
pastures average 15 kg * m"2 * m"~ SOC. Fair quality continuously grazed pastures average 
13 kg * m 2 * m"I SOC. Poor quality continuously grazed pastures average 11 kg * m"2 * m I
SOC. Thus given .the preponderance of poor quality pasture, the typical pasture has about 11 
to 12 kg * m"2 * m"1, which is 10 to 20% more than row cropped fields. 
Introduction 
Land use management has a marked influence on SOC content. SOC content status 
and changes in response to crop management has been the subject of much research and 
numerous reviews and book chapters (e.g. Kononova, 1961; Jenkinson, 1988; Scow, 1997; 
Follett et al., 1995; Burke et al., 1997; Patton, 1999; Follett et a1., 2001; Schnabel et al., 
2001). Some studies in the Midwest have examined alternative land uses, including pastures, 
to determine potential SOC sequestration based on changing land uses. For example, 
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preliminary research in south central Iowa suggested pastures have greater amounts of SOC 
than three other major land uses for the area (Burras and McLaughlin, 2002). This led to the 
question: does SOC content differ between pastures with different management histories? 
Answering this question for the Chariton River Watershed is the objective of this chapter. 
Materials and Methods 
Seventy-five soil pedons were collected from seven pastures in Lucas and Wayne 
counties, south central Iowa (Table 1). These pastures were selected based on soil 
similarities and pasture quality assessments. The latter were initially made by two pasture 
experts. Their and our subsequent evaluations allowed us to partition the pastures in to three 
quality groups: poor, fair, and high (Tables 2 & 3). Their assessments were based on rotation 
of cattle, grazing intensity, and general appearance of the forages present in the pasture. 
Each pasture is on rolling topography with at least one representative hillslope so that 
same landscape positions and slope were sampled at each study site. Each pasture was also 
chosen to have an area around 30-50 hectares (Table 1) and comparable soil series. This 
range in area and soil series present are typical for pastures found in south central Iowa and 
especially the Chariton River Watershed (Boeckman, 1999; Lockridge et al., 1971). 
In order to potentially extrapolate our detailed findings, 20 additional pastures in 
Lucas and Wayne Counties were selected at random and assessed with respect to pasture 
quality using a rapid .roadside measure (Tables 4, S, and 6). 
Final assessment of pasture quality was based on evaluations of pastures made by 
ISU personnel using a modification of an NRCS evaluation sheet (Appendix A). Pasture 
condition scoring involves the visual evaluation of 10 categories, which have an impact on 
pasture condition (University of WI, 1996). The following criteria was used to evaluate the 
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quality of the field including: plant desirability, plant diversity, plant density, plant vigor, 
percent legume, severity of use, uniform use, soil erosion, and percent ground cover. Percent 
ground cover was further examined by taking digital photos of the pastures, then super 
imposing a 100 square grid on the picture. Each square was evaluated based on whether 
more bare ground or ground cover was present (Appendix B). Pasture management and 
history was also evaluated by surveys sent to farmers wherein they self-evaluated pasture 
quality, give stand age, and summarize land use history (Appendix C). 
Each pasture was sampled along a noseslope transect, from the summit to the toeslope 
(Figure 1 }. Approximately ten sampling points were evenly distributed down the nose slope 
based on the size of the hill. To determine the exact sampling points, the hillslope was paced 
off and then the value was divided by ten. Subsequently, sampling point locations were 
precisely identified using GPS to a 1-meter horizontal accuracy. 
The sampling unit was a simple soil core which we equate with a pedon. Each core 
(pedon) was collected via soil coring with a truck mounted hydraulic probe. Cores were 
taken with a O.OSm coring tube to a depth of 1.2m, although all data herein is reported to a 
1.0 m depth. Plant residue was kept with the core. Three additional cores were also taken at 
the top, middle, and bottom of the hill to analyze the soils water holding capacity at various 
locations in the field. Additional landscape characteristics were noted using the terminology 
of Schoeneberger et al. (1998). 
Pedons (i.e. the soil cores) were described at the Iowa State University (ISU) 
Pedometrics Laboratory using the terminology of Schoeneberger et al. (1998). . Pedon 
descriptions include horizon depth and boundary, field moist matrix color using a Mansell 
color book, soil texture via hand estimates, percentage of redoximorphic features, structure, 
shape, size, grade, and consistence of individual peds, as well as coatings, concretions, 
effervescence, estimation of the volume percentage of roots present at each horizon. Pedon 
horizons were used as sub-samples for laboratory analyses. For a given pedon, horizon data 
are weighted to the reported depth in many tables. Each horizon was oven dried and 
mechanically ground to pass through a 2-mm sieve. Coarse fragment was estimated from the 
remaining portion of the sample after grinding that was greater than 2-mm. 
Bulk density was measured using the core method (Soil Survey Staff, 1996). The 
length of each horizon. was measured and recorded. Bulk density measurements were made 
using both "fresh" weights and oven dry weights. Using a vernier caliper, the diameter of the 
sample was recorded. The mass of the horizon was measured and recorded immediately after 
being described. The horizon was then dried in a 105°C oven for 24 hours. The samples 
were then weighed again. In 4 out of 13 3 horizons the bulk density was corrected because of 
visual evidence of compaction caused by sampling. The 4 "new" bulk densities reflect 
adding l0em unless it would exceed the maximum length of the sample tube. In those two 
cases the length of the core was assumed to be 125 cm. 
Total organic carbon was analyzed using the dry combustion method with a Leco 
LC2000 (Soil Survey Staff, 1996; Konen, 1999) on < 2-mm samples. Organic carbon was 
assumed to equal total carbon for samples that were not calcareous. On calcareous soils, 
organic carbon was estimated as the difference between total C and inorganic C 
concentrations (Nelson and Sommers, 1982). Samples with pH greater than 7.5 or samples 
that showed effervescence were tested for amount of total inorganic carbon using volumetric 
determination of calcite and dolomite via the Chittick apparatus. 
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Each sample was also analyzed for particle-size, pH, coarse fragments, chroma-meter 
color, and percent water stable aggregates. Particle size determinations were made using a 
modified pipette procedure (Soil Survey Staff 1996; Konen 1999; Patton 1999). Soil pH was 
determined using a 2:1 water dilution (Soil Survey Staff 1996). Coarse fragment was 
determined using modifications to the procedure detailed in Konen (1999). Chromameter 
color was determined using the procedure detailed in Konen (1999), Patton (1999) and 
Mullenix (2000). Percent water stable aggregates were determined on aggregates having 1-2 
mm diameter as outlined by the Soil Survey Staff (1996) and modified by Patton (1999) on 
horizons from the upper 50 cm of each soil pedon. A subset of samples was further analyzed 
for soil fertility. The first two horizons of each core were analyzed the ISU Soil Testing 
Laboratory for Bray-1 phosphorus, exchangeable potassium, and total nitrate-nitrogen. 
Statistical analyses were completed using the two-tailed t-test and assuming equal 
variance. 
Results and Discussion 
Pasture Characteristics 
The seven pastures sampled have typical rolling landscape of the Chariton River 
Watershed. Slope for the fields range from zero to eighteen percent (Table 1). Each pasture 
had similar slope morphometry. Pastures sizes, estimated by farmers, range from 29 to 5 5 
hectares. This averages about 42 hectares per pasture in the study, which is slightly smaller 
than the average 74 hectares per pasture in Lucas and Wayne Counties (USDA, 1999). Most 
of the farmers reported their pastures as being pastures since they owned the land. Thus, the 
pasture ages range from two to 75 years with an average age of 47 years. According to the 
farmers, these pastures were cultivated fields in corn-soybean rotation prior to being 
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converted to pastures. For this reason, we chose cultivated fields as the baseline values for 
SOC sequestration in the pastures. 
The objective of grazing management is normally aimed toward maximizing 
production per animal and animal production per land area (Kephart et al., 1995). There are 
many strategies for optimizing animal production in pastures. Most strategies include some 
component to insure a high quality pasture is maintained. Yet, according to the Appanoose 
County Soil Survey (Lockridge et al., 1977), there are many low quality pastures in the 
A anoose and surrounding counties. Lockridge's and others (1977) observations were pp 
validated by the 20 additional pastures we examined in the Lucas and Wayne Counties. 
Eighty percent of those pastures exhibit fair to poor quality (Tables 4, 5, & 6). Our 
observations of fair to poor quality are the norm for the Chariton River watershed. 
One possible explanation for the condition of the pastures could be the economic cost 
associated with improvement of the fields. These low quality pastures could be improved 
with the addition of fertilizer and lime, but most farmers have no economic or other incentive 
to increase their level of pasture management. Another reason for the condition of the 
pastures could be the rolling landscape. According to the Wayne County Soil Survey 
(Lockridge et al., 1971), pastures of the county cannot be practically renovated, because of 
the trees, non-crossable gullies, or steep to very steep slopes. 
Most of the pastures in the Chariton River watershed are continuously grazed. 
Continuously grazed pastures have cattle on the pasture for an entire season. However, it is 
_common in the Chariton River watershed for the producer to put their cattle in cornfields or 
bring hay to the pasture to supplement the lack of plant growth in winter months. Also 
producers remove cattle from a pasture during calving season. Since these are the most 
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prominent type of pastures in the Chariton River watershed, most of the pastures in our study 
represent continuously grazed pastures. 
A rotationally grazing was also examined because of its anticipated potential to 
enhance plant growth and thus livestock production. We hypothesized the enhanced plant 
growth might also enhance soil quality and increase SOC content. However, we could only 
include one rotationally grazed pasture because of their rarity in the Chariton River 
watershed. A standard rotational grazing plan consists of five to seven days grazing per 
paddock with 28 to 30 days rest (Holland et al, 1990). This requires five to six paddocks to 
provide the high quality pasture needed by growing animals. Our rotationally grazed pasture 
consisted of 12 different paddocks, or small fenced of pieces of the field, of which we 
sampled 3 different paddocks as we went down the transect with three different plantings of 
plant species. Paddock 1, 2, and 3 included alfalfa (Medicago sativa L.), smooth bromegrass 
(Bromus inermis Leyss.), and bromegrass and birdsfoot trefoil (Lotus corniculatus L.) 
respectively. Kura clover (Trifolium ambiguum) was also present in the paddocks. 
As pastures go, the seven pastures we studied in detail had a paucity of plant species 
(Table 7). Six pastures contained three or more different plant species. Pasture 5 had only 
one favorable species. The cool season grass species identified included: Kentucky bluegrass 
(Poa pratensis L.), tall fescue (Festica arundinacea Schreb.), reed canarygrass (Phalaris 
arundinacea L.), smooth bromegrass (Bromus inermis Leyss.) and orchardgrass (Dactylis 
glomerata L.). Legumes identified included: birdsfoot trefoil (Lotus corniculatus L.), alfalfa 
(Medicago sativa L.), and kura clover (Trifolium ambiguum). The condition of the plant 
species is marginal. Fertilizers were used in only half of the pastures sampled (Table 7). 
Many of the fields also contained weed species that we did not identify. The presence of 
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weeds invading established forage crops is usually a sign of a management problem 
(Rohweder and Van Keuren, 1985, Miller and Stritzke, 1995). About half of the farmers 
were aware of a weed problem and reported trying to correct for weeds in his field. The 
methods used to correct for the weeds were not reported. 
Many of the fields have low ground cover percentages. For the six pastures transects, 
ground cover ranged from 22 to 72 % (Table 8). Ground cover for pastures 1, 2, and 6 
ranged between 67 and 72% ground cover; while ground cover for pastures 3, 4, and 7 
ranged between 22 and 34%. Showing for higher pasture quality the percentage of ground 
cover the percent ground cover is also higher. All ground cover photos are shown in 
Appendix B. 
Using the preceding observations we grouped the seven pastures as: (1) high quality 
continuously grazed pasture, (2) high quality rotationally grazed pasture, (3) fair quality 
continuously grazed pasture, and (4) poor quality continuously grazed pastures (Table 8). 
One of the original pastures, pasture S, was not analyzed for SOC content because of the 
dramatic influence a former feedlot apparently had on the SOC content. The feedlot was 
identified by the farmer's self reporting pasture history. Therefore, for purposes of 




Selected for the six pastures transects are shown in Table 9. These characteristic lay 
the foundation for further discussion of SOC content and pasture quality. 
SOC Content 
The individual SOC content (wt/volume) for pedons in pastures in the Chariton River 
watershed, Iowa ranges from 7.4 to 24.6 kg • m 2 • m ~ (see Appendix D). The overall mean 
and standard deviation of a1160 pasture pedons for the six pastures transects studied in 
Wayne and Lucas counties is 13.2 ~ 3.4 kg • m 2 • m ~ (Table 10). Given that we consider 
these transects as representative of all pastures in the watershed, we can calculate the SOC 
content per hectare of soil. Factors of 10 and 4.4517 convert kg SOC m 2 • m 1 soil to Mg 
SOC ha ~ • m 1 and tons SOC acre"1 .40 inch depth"1, respectively. Thus, the overall average 
of 13.2 kg ' m Z ' m ~ SOC content correspond with 132 Mg SOC per hectare soil or 58.8 tons 
SOC acre ~ • 40 inch depth-1. 
Row crop SOC contents are used as baseline values because of the prior use of these 
pastures as cultivated fields. Individual SOC content (wt/volume) for pedons in row crops 
transects in the Chariton River watershed range from 5.5 to 24.3 kg • m 2 • m 1 (see Appendix 
D). The overall mean and standard deviation of all 30 row cropped pedons for the three row 
cropped transects studied in Wayne and Lucas counties is 10.0 ~ 3.6 kg • m 2 • m 1 (Table 10). 
The increase in SOC content from row crop to pasture indicates pastures are successful at 
sequestering SOC. 
The amount of SOC at various depths is consistently proportional to the amount of 
SOC at 1-m depth. For all 60 pedons in the 6 pasture transects, approximately 50% and 80% 
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of all SOC content is found in the 0 to 0.2 m depth and 0 to 0.5 m depth, respectively (Figure 
2, Table 11, and Table 12). This however does not account for SOC content beyond the 1-m 
depth. In most cases, the SOC content at the lower depths becomes small except 
sedimentation zones where SOC contents may go beyond the 1-m depth. 
Avera e S OC contents are 15.0 k • m~2 • m~ ~ , 13.1 k • m 2 • m-1, 11.3 k • m-2 • m ~ g g g g 
for high, fair, and poor quality pastures transects, respectively (Table 11 }. Table 13 
summarizes t-test values comparing levels of pasture quality and various landscape positions 
for all the pedons for each pasture quality. For the complete pasture transects, SOC content 
increases proportional to pasture quality (Figure 3). Figure 3 gives the equation average 
SOC content to one meter depth = 1.68 (quantitative pasture quality ranking) + 9.83 with an 
r2 value of 0.99. 
Considering the overall quality of all twenty pastures examined solely for quality in 
south central Iowa (Table 6), Lucas and Wayne counties have an average pasture quality 
value of 1.6. Qualitatively this can be described as somewhere between fair and poor quality. 
Using the equation in Figure 3 and assuming that the additional pasture would have 
proportions similar to the transects of the six pastures, we can determine the overall average 
SOC content of the astures in Wa e and Lucas counties collectivel is 12.5 k • m 2 • m 1p yn y g 
This value is relativel close to the overall avera e SOC content of 13.2 ~ 3.4 kg • m-2 • m~ly g 
we found for the six pastures in our study. 
There is an abundance of poor quality pastures in both Lucas and Wayne counties. 
Values for the qualities of pastures were calculated using the equation above, and then 
weighted using the percentage of the pastures for each county. Using the equation we found 
that the avera e SOC contents for the astures were 9.8 k • m 2 • m 1, 11.5 k • m 2 • m 1, 12.4 g p g g 
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k •m2 •ml 13.2k •m2 •ml, 14.Ok •m2 •m-1, 14.9k •m2 •ml, 16.6k •m2 •ml for g ~ g g g g 
very poor, poor, fair to poor, fair, fair to good, good, very good pasture quality respectively. 
Using percentages calculated from Table 6, the weighted SOC content for Lucas and Wayne 
Counties is 12.1 k • m 2 • m 1 and 12.8 kg • m-2 • m-1 res ectively. The overall weighted g p 
avera a SOC content in Lucas and Wa ne counties is 12.4 k • m-2 • m-i . This is different g y g 
than the overall carbon value for the six pastures measured because there were more high 
quality pastures averaged in to the measured SOC contents than are actually present in these 
two counties. However, this summary of SOC content in the counties only looks at overall 
SOC based on pasture quality and assumes that pastures are similar to the transects studied. 
It does not look at other variables in the field such as landscape position. 
SOC Content across Landscape Positions 
SOC content varies across individual landscape positions within each pasture 
transect. Our data shows that SOC content is not a constant value down the noseslope. 
Figure 4 shows how the SOC content changes across the landscape in each pasture transect. 
The SOC content shows a difference according to t-test analysis comparing many of the 
landscape positions (Table 13). Understanding soil landscape variability at the local hillslope 
catena level is an important value to consider when quantifying SOC content across broader 
regional and global levels (Gessler et. al., 2000). According to Table 1 S and Figure 4, the 
general trend in the SOC content in pedons across different landscape positions comparing 
all pasture qualities at a 1-m .depth is: 
toeslopes >_ summits = footslopes > shoulders > backslopes. 
These findings are not surprising. We anticipated the overall general trend of maximum and 
minimum SOC content in toeslopes and backslopes, respectively, because of the erosive 
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nature of the backslope positions and the deposition of soils on the footslope and toeslope 
positions on the landscape in Southern Iowa. As reported in Burras and McLaughlin (2002) 
and Molstad (2000), the low SOC content of shoulders and backslopes could be interpreted 
to reflect their less effective infiltration since more water runs off. These landscape positions 
also often have the much less productive paleosol or till derived soils rather than loess 
derived soils found on summits and colluvial derived soils found on footslopes and toeslopes 
(Prior, 1999). 
The same landscape trend is also statistically demonstrable in row cropped 
landscapes. Even small increases in surface cover results in large reduction in soil erosion, 
particularly inter-rill erosion (Brady and Weil, 2002). The permanent cover associated with 
the pastureland use still shows greater amounts of carbon overall than the row cropped fields. 
The topsoil is moves around in the landscape but is not taken out of the field completely. 
SUC Content over Time 
Figures 5, 6, 7, and 8 show how SOC content is increasing over time. If we disregard 
pasture quality the SOC content would still be increasing. It is tempting to interpret these 
Figures 5, 6, 7, and 8 to say that as SOC content increases a poor quality pasture is improved 
to a fair quality pasture, etc. but this is just a by chance relationship. This shows with 
increased pasture quality SOC content is also increased. It is most evident in the summit 
positions due to the Lower degree of erosion on those positions. 
Conclusions 
Overall pastures are a large potential sink for SOC content; however, their efficiency 
in sequestering SOC content is proportional to their level of quality. SOC content of high 
quality pastures was 15 kg * m 2 * m ~ which was approximately 2 and 4 kg * m 2 * m 1 more 
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than fair and poor quality pastures, respectively. Since fair to poor quality pastures are 
abundant in the Chariton River watershed, SOC content has potential to be increased 
significantly with improved pasture quality. 
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1 32 75 Rotational NW '/4, SE '/4, Sect.9, 
T71 N, R22 W 
NE 0.5-
8.0% 
2 29 75 Continuous NE '/4, SE '/4, Sect.8, 
T71 N, R22 W 
W-SW 1.0-
8.0% 
3 31 3 5 Continuous S W '/4, SE '/4, Sect.20, 
T70N, R21 W 
SE 0.0-
16.0% 
4 49 50 Continuous SW '/4, SE '/4, Sect.20, 
T70N, R21 W 
NW 0.0-
14.0% 
5 32 * Continuous SE '/4, NW '/4, Sect.36, 
T73N, R21 W 
SW 1.0-
12.0% 
6 55 51 Continuous NE '/4, NE '/4, Sect.31 
and 3 2, T70N, R21 W 
NW 2.0-
18.0% 
7 46 2 Continuous NE '/4, NW '/4, 
Sect.25, T69N, R22W 
S-SE 2.0-
6.0% 
*Data not reported. 
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Table 2. Summary of Quality of Pasture Studied in Detail, Chariton River Watershed, IA. 
Evaluators 
Who Ranked 
Study Fields ~ 
Site Location u 













Pasture 1 25 High 25 18.5 24 23 
Pasture 2 20 High 23.5 12.5 22.5 20 
Pasture 3 25.5 Poor 12.5 6.5 11.5 14 
Pasture 4 22 Poor 9.5 10 11 13 
Pasture 5 19.5 Fair 21.5 14.5 17 18 
Pasture 6 22 Fair 20.5 10.5 16.5 17 
Pasture 7 16 Poor 9.5 7.5 6 10 
* Burras, Wills, and McLaughlin completed partial survey forms. 
* * Sellers gave only a non numerical estimation of pasture quality. 
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Table 3. University of Wisconsin and Iowa State University Pasture Quality Score to 
Description Relationship. 









0-10 Very Poor 0-13 Poor/Very Poor 
11 - 20 Poor 14-19 Fair (aka Medium) 
21 - 30 Good 20-3 3 Good/Very Good 
31 - 40 Very Good ~ ~~/~,, ~%~% ``%~~'i Via,/~, ~,~~~ 
*Source: University of Wisconsin Extension Publication 1996 
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*NR =Data not recorded for that particular site 
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~6 cm 70- ' 
80% 
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*NR =Data not recorded for that particular site 
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Table 6. Final Pasture Quality Assessment of 20 Examined Roadside Pastures in the 
Chariton River Watershed, IA (observations made 10/30/01 and 02/22/02). 
Pasture # County Quality Assessment 
Quality # 
Very good = 4.0 
Good = 3.0 
Fair = 2.0 
Poor = 1.0 
Very Poor = 0.0 
Pasture A Lucas County Fair 2.0 
Pasture B Lucas County Poor 1.0 
Pasture C Lucas County Poor 1.0 
Pasture D Lucas County Fair/Poor 1.5 
Pasture E Lucas County Fair/Good 2.5 
Pasture F Lucas County Poor 1.0 
Pasture G Lucas County Poor 1.0 
Pasture H Lucas County Fair/Good 2.5 
Pasture I Lucas County Very Poor 0.0 
Pasture J Lucas County _Poor 1.0 
Overall Pasture Quality Assessment for Lucas. County, IA: 1.4 (Fair/Poor Quality) 
Pasture k Wayne County Fair 2.0 
Pasture 1 Wayne County Very Poar 0.0 
Pasture m Wayne County Fair/Good 2.5 
Pasture n Wayne County Fair 2.0 
Pasture o Wayne County Fair/Poor 1.5 
Pasture p Wayne County Fair 2.0 
Pasture q Wayne County Fair/Good 2.5 
Pasture r Wayne County Fair/Poor l.5 
Pastures Wayne County Fair/Poor 1.5 
Pasture t Wayne County Fair 2.0 
Overall Pasture Quality Assessment for Wayne County, IA; 1.$ (Fair/Poor Quality) 
Overall Pasture Quality Assessment for Wayne &Lucas County, IA: 
1.6 (Fair/Poor Quality) 
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Table 7. Farmer Supplied Information Pertaining to the Seven Pastures Detailed 






farmer Common Plants Nutrient Additions 
Pasture 
1 
High Bromegrass, Birdsfoot Trefoil, Alfalfa, and 
Kuraclover 




High Bromegrass, Kentucky Bluegrass, Orchard 
Grass, Reed Canary Grass and Legumes 
Added lime, 
fertilizer, and manure 
Pasture 
3 
Fair Tall Fescue, Kentucky Bluegrass, Reed 






Tall Fescue and Kentucky Bluegrass Nothing added 
Pasture 
5 
Poor Kentucky Bluegrass Feed hay 
Pasture 
6 
Poor Kentucky Bluegrass and Tall Fescue Added fertilizer 
Pasture 
7 




Table 8. Final Quality Rankings of Seven Pastures Studied in Detail. 
Pasture # Grazing Rotation %Ground Cover Quality and Ranking 
1 Rotational 69 High (23) 
2 Continuous 72 High (20) 
3 Continuous 33 Fair (14) 
4 Continuous 34 Poor (13) 
5 Continuous NR* Poor* 
6 Continuous 67 Fair (17) 
7 Continuous 22 Poor (10) 
* * Site not analyzed for SOC content because of use as a former feed lot 
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Average Oven Dried 























Pasture 1 1.20 1.21E 1.311 7.1t 10.9 14.Ot 2.8~ 4.6~ 5.9~ 
(11) 0.06 0.06 0.07 1.1 1.2 1.8 0.4 1.0 0.9 
Pasture 2 1.20 1.261 1.37E 8.8t 13.0 163E 3.5t 5.5~ 6.7t 
(09) 0.09 0.08 0.10 2.4 2.5 4.4 0.6 13 1.8 
Pasture 3 1.36 1.42E 1.53 6.2E 10.3 13.9 2.Sf 4.3~ 5.2E 
(10) 0.15 0.13 0.10 1.4 2.0 3.8 0.6 1.1 1.4 
Pasture 4 1.23 1.26 1.37 5.7~ 8.9E 11.St 2.4t 3.8t 4.8t 
(10) 0.09 0.09 0.10 1.4 2.2 3.2 0.4 0.9 1.2 
Pasture 6 ~ 1.37 1.42 1.47E 6.0~ 9.7t 12.4E 2.St 41~ 4.9E 
(10) 0.15 0.14 0.09 1.4 2.3 3.2 0.5 1.0 1.1 
Pasture 7 1.30 1.32E 1.461 6.1~ 8.9~ 11.2E 3.0~ 4.7~ 5.7~ 
(10) 0.13 0.11 0.10 1.5 1.1 1.3 1.2 1.5 2.0 
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Table 10. Summary of SOC content in All Pasture Pedons from the Chariton River 
watershed, IA. 
Landscape 
Position ~ Summit Shoulder Backslope Footslope Toeslope Total 
Pasture # ~ 
Pasture 1 14.411.3 11.9 10.9 15.8 - 14.0 1.8 
(8) (1) (1) (1) (0) (11) 
Pasture 2 16.2f0.7 14.6 14.35.8 - 24.6 16.34.4 
(4) (1) (3) (0) (1) (09) 
Pasture 3 13.010.9 - 11.93.5 17.2 18.1 f3.7 13.913.8 
(2) (0) (5) (1) (2) (10) 
Pasture 4 12.3 1.7 9.613.0 8.00.2 17.7 - 11.53.2 
(5) (2) (2) (1) (0) (10) 
Pasture=s ~ ~ - ~ 224~4.I 13:32.3. 29.?.~6.4. ; ~:. 2Q.4 ~ 18,~~7:1' 
Pasture 6 15.9 14.2 1.6 10.1 ~ 1.1 14.6f5.3 - 12.4f3.2 
(1) (2) (5) (2) (0) (10) 
Pasture 7 12.1 12.4 10.9 1.3 1 O. St2.2 - 11.2 1.3 
(1) (1) (5) (2) (0) (10) 
All 14.1 ~ 1.9 12.42.6 11.23.1 14.4f3.7 18.1 X5.8 13.23.4 
Pastures (21) (7) (21) (7) (4) (60) 
Row Crop 11.2E 1.8 9.2E 1.5 8.1 ~ 1.9 14.88.2 16.0 10.03.6 
(6) (8) (12) (3) (1) (30) 
*All SOC data reported as mean (kg / m` to a depth of 1.0 m) ±standard deviation with 
number of pedons (in parenthesis) 
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Table 11. Average Pedon SOC Content (kg = m z = to a Given Depth) by Pasture Quality in 
the Chariton River Watershed, IA. 
High Quality Fair Quality Poor Quality 
Depth Pastures 1& 2 Pastures 3& 6 Pastures 4& 7 
0-0.2 m 7.9 kg * m z 6.1 kg * m Z 5.9 kg * rn z
0-0.5 m 11.9 kg * m"~ 10.0 kg * m z 8.9 kg * m~Z
0-1.0 m 15.0 kg * m"Z 13.1 kg * m"Z 11.3 kg * m"Z
Ratio 1 -0.8-0.5 1 -0.8-0.5 1 -0.8-0.5 
*Pasture 5 not included because of the dramatic influence of a former feedlot apparently 
had on SOC content. 
* * Ratios assume all SOC content is captured at the one meter depth. Ratios given as 
"(wt SOC 1-rn/ wt SOC 1-m)" dash "(wt SOC 0.5 -m/ wt SOC 1-m)" dash "(wt. S O C 
0.2-m/ wt SOC 1-m)" 
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Table 12. T-Test Analyses Results Comparing Average SOC Contents to a 0.2 m, 0.5 m and 
1-m Depth by Average Pasture Quality (All Pedons for Pasture #'s in Parentheses were 
Avera~edl, Chariton River Watershed, IA. 
Depth ~ 0.2 m depth 0.5 m depth 1.0 m depth 
Pasture Quality u Two Tail T-test — P (T<=t) two tail 
High (1&2) vs. Fair (3&6) 0.00 0.01 0.09 
High (1&2) vs. Poor (4&7) 0.00 0.00 0.00 
Fair (3&6) vs. Poor (4&7) 0.64 0.08 0.06 
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Table 13. Overall T-Test Analyses Results Comparing SOC Contents to a 1-m Depth by 
ape Position, Chariton River ~]Vatershed, IA. 
Landscape Position ~ Sumrnit Backslope Footslope Toeslope Total 
Pasture #'s ~ 
_Shoulder 
Pasture 1 vs. Pasture 2 0.~3 - 0.66 - - 0.12 
Pasture 1 vs. Pasture 3 0.21 - 0.80 - - 0.96 
Pasture 1 vs. Pasture 4 `00~ 0.64 0.0~ - - fl- 
Pasture 1 vs. Pasture 5 - 0.2 8 0.3 7 0.3 4 - 0: tl 
Pasture 1 vs. Pasture 6 0.32 0.45 0.55 0.88 - 0.17 
Pasture 1 vs. Pasture 7 0.16 - 0.97 0.31 - ~.QO 
Pasture 2 vs. Pasture 3 D~ - 0.49 - 0.3 8 0.21 
Pasture 2 vs. Pasture 4 #10~ 0.41 0.3 8 - - 0.01 
Pasture 2 vs. Pasture 5 - 0.3 7 0.70 _ - - 0.44 
Pasture 2 vs. Pasture 6 0.71 0.87 0.14 - - (3~4 
Pasture 2 vs. Pasture 7 0{31 - 0.23 - - 0 
Pasture 3 vs. Pasture 4 0.64 - 0.20 - - 0.14 
Pasture 3 vs. Pasture 5 - - 0.46 0.3 7 0.70 00 
Pasture 3 vs. Pasture 6 0.23 - 0.29 0.75 - 0.3 5 
Pasture 3 vs. Pasture 7 0.57 - 0.57 0.25 0.38 ~0 
Pasture 4 vs. Pasture 5 - ~.Q7 t~.~ 0.38 - 0.~1 
Pasture 4 vs. Pasture 6 0.13 0.20 n.~6 0.72 - 0.53 
Pasture 4 vs. Pasture 7 0.91 0.59 ~~3 0.23 - 0.80 
Pasture 5 vs. Pasture 6 - 0.12 ~.~2 0.13 - 4~~2 
Pasture 5 vs. Pasture 7 - 0.30 x:07 0.06 - 0 
Pasture 6 vs. Pasture 7 - 0.52 0.29 0.42 - 0.28 
*Two Tail T-test - P (T<=t) two tail (Highlighted values show possible differences 
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Table 14. Summary of Overall SOC Content in Three Pasture Qualities across the Landscape 
and All Pasture Transects from the Chariton River Watershed, IA. 
Landscape 
Position ~ 
Summit Shoulder Backslope Footslope Toeslope Total 
Pasture Quality 
and Pasture # ~ 
High Quality 15.Of1.5 13.311.9 13.Sf5.0 15.8 24.6 15.0 3.3 
(1 & 2) (12) (2) (4) (1) (1) (20) 
Fair Quality 14.01.8 14.2f1.6 11.02.7 15.54.0 18.03.7 13.1f3.5 
(3 & 6) (3) (2) (10) (3) (2) (20) 
Poor Quality 12.3 1.5 10.52.7 10.1 1.8 12.9f4.4 11.5 11.312.4 
(4 & 7) (6) (3) (7) (3) (1) (20) 
All 14.1 1.9 12.4f2.6 11.2f3.1 14.4 3.7 18.1X5.8 13.213.4 
Pastures (21) (7) (21) (7) (4) (60) 
*All SOC Data Reported as Mean (kg / m` to a depth of 1.0 m) ±Standard Deviation with 
Number of Pedons from Pasture Transect (in Parenthesis) 
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Table 15. T-test Analyses Results Comparing SOC Contents to a 1-m depth by Average 
Pasture Oualitv's Landscape Position and Overall, Chariton River Watershed, IA. 
Landscape Position ~ Summit Shoulder Backslope Footslope Toeslope Total 
Pasture Quality with u 
Pasture Numbers 
(in parenthesis) Two Tail T-test — P (T<=t) two tail 
High (1&2) vs. Fair (3&6) 0.31 0.65 0.25 0.95 0.38 0.09 
High (1&2) vs. Poor (4&7) 4:00 0.31 0.13 0.63 - OOQ 
Fair (3&6) vs. Poor (4&7) 0.18 0.19 0.45 0.50 0.38 OQ6 
High (1&2) vs. Row Crop 0.00 0.01 0'.01 0.92 - 0.00 
Fair (3&6) vs. Row Crop 0.07 0.00 O.Q1 0.90 0.72 OOU 
Poor (4&7) vs. Row Crop 0.29 0.31 Oq4 0.75 _ - 0.14 
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Table 16. Results of T-Test Analyses Comparing Landscape Positions SOC Contents to 1-m 
h by Land Use (Pasture Quality and Baseline Data), Chariton River Watershed, IA. 1  ~ 
Pasture Quality with 
Pasture Numbers 
(in parenthesis) and 












Landscape Position u Two Tail T-test -- P (T<=t). 
Summit vs. Shoulder 0.07 0.16 0.88 0.23 OU4 
Summit vs. Backslope 0.00 0.33 x.10 0,03''. O OU 
Summit vs. Footslope 0.75 0.60 0.59 0.76 0.32 
Summit vs. Toeslope O.Q1 U:00 0.18 0.65 0.06 
Shoulder vs. Backslope 0.35 0.97 0.14 0.76 0.19 
Shoulder vs. Footslope 0.25 0.47 _ 0.72 0.47 0:08 
Shoulder vs. Toeslope U.OS 0.13 0.31 0.78 O:OQ 
Backslope vs. Footslope 0:03 0.70 0:04 0.17 U;O1. 
Backslope vs. Toeslope 0:00 0.14 0.01 0.48 0':04 
Footslope vs. Toeslope 0.23 - 0.52 0.81 0.91 
*Highlighted numbers indicate possible significant difference defined as P (T <_ 0.1). 
* * Includes all pastures except pasture #5 
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Figure 1. Photograph Showing a Typical Landscape for the Southern Iowa Drift Plain. 















Pasture 1 Pasture 2 Pasture 3 Pasture 4 
■ 0.2 meter depth '. 
p 0.5 meter depth 
1.0 meter depth 
Pasture 6 Pasture 7 
Figure 2. SOC Content across Seven Pasture Qualities in the Chariton River Watershed, IA at 
Various Depths. 
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~ Average SOC to 1-m = 1.68 (pasture quality) + 9.83; r2 = 0.99 
Row Crop Poor quality pastures Fair quality pastures 
(4&7) (3&6) 
Pasture Quality 
High quality pastures 
(1 &2) 
Figure 3. Average SOC Content by Pasture Quality (Includes All Pedons from the Pasture 
Transect # in Parentheses) and Three Row Crop Transects in the Chariton River Watershed, 
IA. 
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Figure 7. SOC Content (kg/mz•m') for All Backslope Pedons (from Pastures and Row 
Crop Transects) Compared to Field Age in the Chariton River Watershed, IA. 
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Figure 8. SOC Content (kg/mZ•m') for All Footslope Pedons (from Pastures and Row 
Crop Transects) Compared to Field Age in the Chariton River Watershed, IA. 
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Chapter 3: Pedon Properties And Quality For pastures in the Chariton River 
Watershed, Iowa 
A paper to be submitted to Soil Science Society of America Journal 
J. M. McLaughlin, C. L. Burras, and S. A. Wi11s 
Abstract 
Pedons are the central component of pedology yet little work is known about pedon 
variability within a given land use. The research objective is to understand pedon. properties 
with respect to pastures in the Chariton River Watershed, IA. A second objective is to 
quantify soil quality also with respect to pastures in the Chariton River Watershed, IA. Six 
pastures on comparable soil-landscapes were studied in detail with pasture quality ranging 
from high to poor. Within each pasture, about ten pedons were collected in a summit- 
toeslope transect. These sixty pedons were described using standard pedologically 
nomenclature. Each horizon was analyzed for available water content, bulk density, total 
organic carbon content, total nitrogen, particle size distribution, pH, Bray-1 phosphorous, and 
exchangeable potassium, soil color, water infiltration rates, and percent water stable 
aggregate content. Significant differences were found between pedons from the different 
pastures with respect to soil organic carbon (SOC) content, stable aggregate content, 
thickness of epipedons, and bulk density. These characteristics were grouped indicators of 
soil quality to develop equations. For example: Soil Quality Index (Equation 1) = 0.70 
(Pasture Quality Index) + 8.37, r 2 = 0.80, shows promise for estimating a soil quality index 
based on pasture quality indexes. Results indicate soil quality is proportional to the level 




Feasibility of sustainable agriculture is based on the knowledge of the effect of 
management practices on soil properties and how they affect soil -crop relationships (Francis 
and Clegg, 1990). Inclusion of pastures in the rotation can restore soil properties negatively 
affected by row cropping (Haynes et al., 1992). One way to understand soils is from Jenny 
(1941), who gave us the five factors for soil formation —climate, topography, organisms, 
parent material and time. Along with these factors, he stressed the importance of human 
influence over these inherent properties. Ruhe and Walker (1968) also noted the changing 
nature of open-system landscapes. Soil microbial and biochemical properties are related to 
soil fertility and productivity. The extent to which these properties can change with season 
or pasture management system is of interest from several viewpoints, including their likely 
value as indicators of soil quality (Doran and Parkin, 1994, Banerj ee et al., 2000). In 
addition, management can also directly alter the soil quality and landscape. For example, 
increased grazing pressures can result in increased soil compaction. It can be difficult to 
makes the distinction between characteristics associated with the natural changes of the land 
and man influences. Therefore, understanding the quality of the land in terms of both land 
use management and soil quality has become increasingly important because of the changing 
and degrading nature of the land. 
Soil degradation is evident in Iowa's Chariton River Watershed (Molstad, 2000), 
which is located on the southern Iowa drift plain. This region has a highly dissected 
topography. Its landscape is characterized by rolling uplands and occasional broad alluvial 
plains. The dissected uplands consist of thin Peorian loess mantling an otherwise highly 
weathered landscape consisting of Yarmouth-Sangamon paleosols and pre-Illinioan tills 
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(Prior, 1991). Due to the relatively unstable nature of the loess present on the soil surface 
and the dense, clayey B and C horizons, the landscape is particularly susceptible to erosion 
(Rube, 1969). The main production limitation arises from the prevalence of soil associations 
that are highly erosive, shallow to root restrictive zones, and/or excessively wet (Molstad, 
2000). 
The purpose of this research is two-fold. Objective 1 is to document pedological 
properties across hillslopes under pasture in Iowa's Chariton River Watershed. Objective 2 is 
to evaluate soil quality and human impacts on those pedons and landscapes. 
Materials and Methods 
Seventy-five pedons were collected from seven pasture transects in Lucas and Wayne 
counties, south central Iowa (Figure 1) although for much of the discussion we used just six 
transects. The reasons for this are discussed in detail in Chapter 2. Poor, fair and high 
quality pastures were selected to evaluate their impact on pedon properties and quality. Each 
pasture was selected to be comparable with respect to landscapes and soil series (Table 1). 
Each pasture has rolling topography with at least one representative hill slope so that similar 
landscape positions and slope were sampled at each study site (Table 2). The characteristics 
and soil series are typical for pastures found in south central Iowa and especially the Chariton 
River watershed (Boeckman, 1999; Lockridge et al., 1971). 
The sampling unit was a simple soil core which we equated with a pedon. Each core 
(pedon) was collected via soil coring with a truck mounted hydraulic probe. Cores were 
taken with a O.OSm diameter to a depth of 1.2m, although data herein is reported to a 1.Om 
depth. Plant residue was kept with the core. Three additional cores were also taken at the 
top middles and bottom of the hill to analyze the soils water holding capacity at various 
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locations in the field (Figure 2). Slope and aspect at each position were measured using a 
clinometer and compass, respectively. Additional landscape characteristics were noted using 
the terminology of Schoeneberger et al. (1998) 
This landscape-level approach was used for sampling efficiency (Herrick, 2000). 
Each pasture was sampled along a noseslope transect from summit to toeslope (Figure 2). 
Approximately ten sampling points were evenly distributed down the nose slope based on the 
size of the hill. To determine the exact sampling points, the hillslope was paced off and then 
the value was divided by ten. Subsequently, sampling locations were precisely identified 
using GPS to a 1-m horizontal accuracy. 
While still in the field, double ring infiltration data was obtained at three different 
points along the transect (Figure 2) in four pastures using a modification of Bower (1986). 
Measurements were taken using a steel double ringed apparatus. The outer ring measured 30 
cm in diameter and the inner ring measured 15 cm in diameter. At each site, two grooves 
were cut into the soil using a knife to insure that each ri ng would be securely pounded into 
the ground. The double ringed apparatus was then pounded into the ground using a small 
mallet until the apparatus was securely in the ground. Using a ruler, the inner rings distance 
above the surface was recorded. Water was added to the outer ring so the ground was 
saturated, so as to minimize lateral flow. Water was then added to the inner ring until the 
water started overflowing into the outer ri ng. Time was noted and distance above the ground 
in the inner ring was measured after each minute until the water had completely infiltrated 
into the ground. Infiltration rates were measured twice; once when the fields were initially 
sampled (May and June 2001) and a second time in mid-November 2001 to measure all the 
fields on the same day. 
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Pedons (i.e. soil cores) were described at the Iowa State University (ISU) Pedometrics 
Laboratory using the terminology of Schoeneberger et al. (I 998). Pedon descriptions include 
horizon depth and boundary, field moist matrix color using a Munsell color book, soil texture 
via hand estimates, percentage of redoximorphic features, structure, shape, size, grade, and 
consistence of individual peds, as well as coatings, concretions, effervescence, estimation of 
the volume percentage of roots present at each horizon. Pedon horizons were used as sub-
samples for laboratory analyses. Where appropriate, horizon data are weighted to the 
reported depths in many tables. Each horizon was oven dried and ground (2-mm sieve) 
samples. Coarse fragment was estimated from the remaining portion of the sample after 
grinding that was greater than 2-mm. 
Each Pedon was analyzed for bulk density, total carbon, total nitrogen, chroma-meter 
color, particle size, percent water stable aggregates, pH, Bray-1 phosphorus, exchangeable 
potassium, nitrate nitrogen, and coarse fragment content. Chromameter color was 
determined using the procedure detailed in Konen (1999), Patton (1999) and Mullenix 
(2000). Particle size determinations were made using a modif ed pipette procedure (Soil 
Survey Staff, 1996; Konen, 1999; Patton, 1999). Percent water stable aggregates were 
determined using the procedure detailed in Patton (1999). Soil pH was determined using a 
2:1 water dilution (Soil Survey Staff, 1996). Bray-1 phosphorus, exchangeable potassium 
and nitrate nitrogen were analyzed on the horizons in the upper O.Sm depth of each Pedon by 
the ISU Soil Testing Laboratory. Coarse fragment was determined from portion of the soil 
samples larger than 2 mm in diameter using modifications to the procedure detailed in Konen 
(1999). 
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Bulk density was measured using the core method (Soil Survey Staff, 1996). Bulk 
density measurements were made using both fresh weights and oven dry weights. First the 
length and diameter of each horizon was measured and recorded. The mass of the horizon 
was measured and recorded immediately after being described. The horizon was then dried 
in a 105 ° C oven for 24 hours. The samples were then weighed again. The core length was 
corrected in four horizons because of compaction and settling due to transport, This 
correction was only needed in the deepest B-horizons. 
Total carbon and total nitrogen were analyzed using the dry combustion method with 
a Leco LC2000 (Soil Survey Staff, 1996; Konen, 1999) on <2mm samples. Soil organic 
carbon (SOC) content was assumed to equal total carbon for samples that were not 
calcareous. This method is discussed in Chapter 2. 
Three O.OSm diameter cores were collected for water holding capacity measurements 
from the summit, backslope, and toeslope positions from the medium and high quality 
pastures. Water potential was analyzed at 0, - 1110, and —1 S bar pressure at depths of 0-1 Scm, 
15-30cm, and 85-1 OOcm. Prior to analysis, these 12 cores were stored wrapped in plastic at 
room temperature for three months. The structure of the core was kept intact during storage 
and ana ysis. 
Actual water potential analysis at - 1/lobar pressure used approximately 4-cm lengths 
of soil cut from each depth. For each sample, length, diameter, and mass of the sample was 
measured and recorded. The -1 / 1 o bar sample was then dipped in paraffin wax heated to 
between 60 and 70°C until the sample was completely covered. Each sample received 
approximately four coats of wax. Once the coating had hardened and cooled the wax on the 
top and bottom of the sample was shaved off carefully to insure only a minimal amount of 
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soil was removed. Cheesecloth was then secured to the bottom of the sample with tape and a 
rubber band. Mass was measured and recorded a second time. The sample was then taken to 
the Soil Physics Laboratory at Iowa State University for analysis. The samples were 
saturated but not submerged in a shallow pan of water. Once the samples were completely 
water saturated they were placed on a tension table apparatus. A pressure of -1/lobar was 
applied to the samples until they reached equilibrium. The core sample was then removed 
from the tension table. The mass was measured and recorded to determine the water content 
of the soil sample at -1/lobar. 
For measurement of water holding capacity at —15 bar pressure a 25-SOg dried and 
ground (2-mm sieve) soil sample, from just above the —llio bar sample was used. Before 
being ground, the sample was weighed and oven dried in a 105°C oven and weighed again to 
determine initial gravimetric water content. A pressure plate was placed in de-ionized water 
for several days to reach saturation. Retaining rings were then placed on the pressure plate 
and filled with 10-15 grams of the ground sample. The plate was then placed in the pressure 
chamber was then sealed and an air pressure of — 1 S bars was exerted on the samples. The 
samples reached equilibrium once the water stopped draining from the pressure chamber. 
The soil samples were then removed and mass recorded. An oven dried weight of the sample 
after drying 105 ° C oven for 24 hours was then measured and recorded to calculate the water 
holding capacity. of the sample at —1 S bars of pressure. 
Statistical analyses were completed using the two-tailed t-test and assuming equal 
variance. 
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Results and Discussion 
Pasture and Pedon Characteristics 
Pastures characteristics are described at length in Chapter 2 with selected geographic 
information also being given in Table 1. Table 2 lists soil series sampled according to NRCS 
soil maps (Boeckman, 1999; Lockridge 1971). Table 3 summarizes pedon properties in 
terms of drainage class, soil structure, A-horizon thickness, thickness of mollic color, depth 
to rooting, bulk density, SOC content, soil texture, pH, percent water stable aggregates, 
amount of extractable N, P, and K, and water holding capacity. 
Parent Material and Classification 
The pedons for the seven pasture transects represent four parent materials and 
potentially 12 soil series (Table 3). Eight pedons were mapped as alluvium, 27 as loess, 25 
as paleosol, and 15 as glacial till. Map units sampled, according to the Lucas and Wayne 
County Soil Survey (Boeckman, 1999; Lockridge 1971 }, belong to the following series: 
Olmitz-Vesser-Colo, Zook-Vesser-Olmitz, Arispe, Edina, Grundy, Seymour, Adair, 
Clarinda, Lamoni, and Shelby. Pedon drainage classes include: moderately well-drained, 
somewhat poorly-drained and poorly-drained soils (Table 4). Each of the fields sampled 
contains at least two of these drainage classes although somewhat-poorly drained soils are 
the most common. This is similar to the findings of Molstad (2000). 
Soil structure is important in determining how water, air, and roots move through the 
soil. Fine textured soils, especially those without a stable granular structure, may have a 
preponderance of micropores, thus allowing relatively slow gas and water movement (Hillel, 
1998). Of the 3 8 pedons collected in 2001, 77% had surface horizons containing granular 
structure. The other 23%had only prismatic and sub-angular blocky structure. The presence 
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of granular peds was not found to correlate with pasture quality (data not shown) with the A-
horizons of two high quality pastures (1 & 2) having 100 and 56% granular structure, 
respectively (Table 5). The general trend is well granulated peds in surface horizons of all 
four pasture transects from 2001. 
Maximum A-horizon thickness ranged from 12. S to 77.5 cm, with an overall average 
of 3 8.8 cm (standard deviation = 15.8 cm, Table 3 ). The general trend is a decrease in the 
maximum depth of A-horizon from summit to shoulder to backslope positions. From 
footslope to toeslope there is no increase in depth of A-horizon. However, as pasture quality 
increases maximum A-horizon depth also increases (data not shown). 
Tremendous variability within and between transects is present with regard to 
epipedon thickness and color (Table 3, Figure 3). Maximum rnollic color depth ranged from 
0.0 to 121.0 cm, with the overall average depth and standard deviation being 3 5.8 ~ 29.9 cm. 
This variability was expected given the range of soils, landscape position, and type of 
pastures sampled. 
Chromameter color is much more precise color than Munsell color book color 
(Torrent and Barron, 1993). The moist chromameter values of the pastures' surface horizon 
ranged from 3.7 to 3.0, with an overall average and standard deviation of 3.3 ~ 0.2. The 
moist chromameter chromas of the pastures' surface horizons ranged from 1.9 to 1.0, with an 
overall average value and standard deviation of 1.4 ~ 0.2. Moist values from the Munsell 
color book and chromameter have strong correlation (r = 0.95) although moist chromas do 
not (r = 0.20). 
Mean estimated root volumes decline from 3.6% roots at a 0.2m depth to 2.7% roots 
at a O.Sm depth to 1.9% roots at a l.Om depth (Table 3, Figure 4). Mean estimated root 
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volumes range from 1.0% to 2.3 % for a l-m depth (Figure 4). While these values are 
uncorroborated, they do indicate roots are successfully growing to at least 1-m. This 
suggests these pastures have robust and well developed pasture plants, which is especially 
interesting given the generally poorly drained nature of these soils. 
Bulk density is variable within and between pasture transects. Mean transect bulk 
densities for the 0-20 cm depth range from 1.20 to 1.37 g/cm3. Comparable values for the 0-
5 0 cm and 0-100 cm depths are 1.21 to 1.42 g/cm3 and 1.31 to 1.5 3 g/cm3, respectively. In 
other words, pedons become on average more dense with depth. This is neither surprising 
nor new although few have explicitly documented the trend. Pedons from high quality 
pasture averaged 1.3 8 g/cm3 (0-100 cm depth) which is less than analogous values for lower 
quality pastures (Table 6). The data suggest average oven dried bulk density for all horizons 
in the three different pasture management increases with a decrease in pasture quality (Figure 
5). Van Haveren (1983) found average bulk density on fine-textured soils in heavily grazed 
areas was 12 to 13 %higher than in lightly and moderately grazed areas, respectively, which 
is comparable to what we found. 
The average SOC content at a 0.2 m depth for the six pasture transects range from 5.7 
to 8.8 kg * m 2 (Figure 6). High, fair, and poor quality pasture transects average 7.9 kg * m"2, 
6.1 kg * m"2, 5.9 kg * m"2, to a 0.2-m depth, respectively. At the 0.2 m depth, high quality 
pastures have significantly more SOC content than both fair and poor quality pastures. 
However, there is no significant difference in the SOC content between the fair and poor 
quality pastures at this depth (Tables 7 & 8). 
The average SOC content at a 0.5 m depth for the six pasture transects range from 8.9 
to 13.0 kg * m"2 (Figure 6). High, fair, and poor quality pasture transects average 11.9 kg * m 
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2, 10.0 kg * m 2, 8.9 kg * m"2, to a 0.5-m depth, respectively. At the 0.5 m depth, high quality 
pastures have significantly more SOC content than both fair and poor quality pastures. Also, 
fair quality pastures have significantly more SOC content than poor quality pastures (Tables 
7 & 8). 
The average SOC content at a 1-m depth for the six pasture transects range from 11.2 
to 16.3 kg * m ~ (Figure 6). High, fair, and poor quality pasture transects average 15.0 kg * m" 
2, 13.1 kg * m"2, 11.3 kg * rn"2, to a 1-m depth, respectively. At the 1-m depth, high quality 
pastures have significantly more SOC content than both fair and poor quality pastures. Also, 
fair quality pastures have significantly more SOC content than poor quality pastures (Tables 
7 & 8). 
For all sixty pedons, the overall SOC content measured to a depth of 0.2 m ranges 
from 3.9 to 13.0 kg * m 2 with an average of 6.6 kg * m 2 (standard deviation = 1.9 kg ~ m"2). 
For all sixty pedons, the overall SOC content measured to a depth of 0.5 m ranges from 5.9 
to 16.1 kg * m"2 with an average of 10.3 kg * m"2 (standard deviation = 2.4 kg * m"2). For all 
sixty pedons, the overall SOC content measured to a depth of 1-m ranges from 7.4 to 24.6 kg 
* m"2 with an average of 13.2 kg * m 2 (standard deviation = 3.7 kg * m 2). As depth increases 
SOC content increases. Fifty percent of the SOC content is found in the top 0.2 m and 80% 
of the SOC content is found in the top 0.5 m of soil when comparing SOC contents to the 
SOC content in one meter of soil (Figure 6, Table 7). This consistent trend suggests SOC 
content gains and losses are proportional with depth. 
For the four pastures (pastures 1, 2, 3, and 6) sampled in 2001, C :N ratios ranges are 
very small. High quality pastures have a mean C :N ratio of 15 :1. Fair quality pastures have 
a mean C:N ratio of 15:1. Poor quality pastures have a mean C:N ratio of 16:1. This 
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suggests higher amounts of soil organic nitrogen (SON) are present in the higher quality 
pastures given their greater SOC contents and 15:1 C:N ratio. 
Soil has a profound influence on many soil properties, and it affects the suitability of 
a soil for most uses (Brady and Weil 2002). Particle size and soil textural class was 
determined on all horizons from the 40 pedons sampled in 2001 (Figure 7). Across the four 
fields, sand content ranged from 1.0% to 5 8.3 %with an average of 17.3 %. Silt content 
ranged from 17.5% to 70.7%, with an average of 50.9%. Clay content ranged from 16.7% to 
50.0%, with an average of 31.8%. Molstad (2000) found also that the silt and clay .particles 
dominated the textures found in the southern Iowa soils. 
Eight textural classes are found in the 25 8 horizons analyzed. The three most 
common ones are loam (19 horizons), silty clay loam (156 horizons), and clay loam (51 
horizons). These three textural classes account for nearly 90% of all horizons. Molstad 
(2000) found textural classes in approximately the same distributions as reported here. This 
shows that the soils in this study are indicative of the normal clayey nature of the soils found 
in the Southern Iowa Drift Plain. 
Cla content in the Al horizons ranged between 21.8% and 36.3% for all 60 pedons y 
with an overall average of 29.0% ~ 3.8%. The clay percentages in the A 1 horizons axe 
relatively constant across all the pasture managements with no significant differences. In 
pastures 1 and 2 the average silt content in the surface horizon is above 60%, where pastures 
3 and 6 have about 40% percent silt (Figure 8). The difference in silt contents across 
pastures is most likely due to fine sand being more common in pastures 3 and 6 although it 
could reflect additional influence of till and/or paleosol parent material. Fine sand is thought 
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to be the cause because of the lack of coarse fragments in these horizons as well as more 
eroded nature of the poorer .quality pastures. 
From a productivity point of view, pH is very important in predicting how the plants 
will react to the soils conditions. Most cultivated crop plants, except those such as sweet 
potato, cassava, and some others that originated in the humid tropics, grow well on soils that 
are j ust slightly acid to near neutral. Therefore, for most grain and vegetable crops a soil pH 
in the range of perhaps 5.5 to 7.0 is most suitable. Plants found in the pastures, depending on 
the species, can have a greater range in their tolerance to acid soil conditions (Brady and 
Weil, 2002). Although, when alfalfa, clover, or forages crops axe grown it is normally 
recommended that the pH is at least 6.5 to 7.0. For the pastures studied, pH was found to 
range between 4.1 and 7.9. The pH values above 7.0 were found mainly in the lower 
horizons. This is indicative of calcium carbonate accumulation. 
Low soil pH is often a function of erosion and nutrient leaching in the soil (Tisdale et. 
a1.,1993 }. It can be "corrected" by use of liming agents. According to the farmers' pasture 
histories; half of the pastures studied do not add any type of lime or fertilizer. Pastures 1, 2, 
and 6 have had lime and/or fertilizer added. The rest of the pastures in the study have been 
benignly managed (i.e. nothing was done to them). There is no indication that the pH was 
enhanced greatly by the addition of the lime and/or fertilizers. The addition of the lime in 
pastures 1, 2, and 6 is not evident in the pH trends. Graphs of each pasture's transect pH 
values over the entire profile can be found in Appendix D. 
The average pH values to a depth of 0.2 m for all pasture transects range from 4.6 to 
5.8. For the top 0.2 m, the highest and lowest average pH values are found in pasture 4 and 
7, respectively. Both pasture 4 and 7 are low quality pastures; therefore the surface pH alone 
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is not a good indicator of pasture quality although no significant differences were seen 
between any of the pasture quality's pH values. 
Soils vary in their degree of vulnerability to externally imposed destructive forces. 
Aggregate stability is a measure of this vulnerability (Kemper and Rosenau 1986). Root 
system growth of pasture, especially if grasses dominate the pasture, facilitates soil particle 
aggregation and strengthens the resulting aggregates (Oades 1984). Across the six pasture 
transects, the average percent water stable aggregate content in A 1 horizons ranged from 
27.1 % to 87.2% with an overall average of 58.9%. The average percent water stable 
aggregate content to a 0.5 m depth ranged from 27.7% to 81.6% with an overall average of 
56.5%. This shows a very slight decrease in the overall stable aggregate content with an 
increased in depth, but no significant difference were present when comparing the two 
averages. Overall, there is an average of nearly 60 percent stable aggregates found in 
pastures. This compares to 30 to 40 percent for row crop fields from Iowa, Minnesota, and 
Ohio (Wills, 2001; Patton,1999). Wills (2001) and Patton (1999) used identical 
methodologies to the ones herein. 
Pasture 1 had the highest average percentage of water stable aggregates in the A 1 
horizon. It was 71.8%. This suggests pasture quality and percentage of water stable 
aggregates are likely correlated. This is also true of fair and poor quality pastures (Figure 9). 
Figure 10 through 12 show mean and standard deviation values for three fertilizer 
parameters: nitrate-N, Bray-1 phosphorus, and exchangeable K. In the six pasture transects 
the surface NO3- values range from 0.0 ppm to 25.9 ppm, with an overall average of 7.7 ~ 
6.8 ppm (Figure 10). Those soils above 24.0 ppm are not in need of nitrogen fertilizer 
(Tisdale et al., 1993). As the average suggests, most of the pedons are deficient in the 
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amount of nitrogen present in the field. Further study would need to be completed in order to 
understand what is happening. 
Phosphorus greatly influences soil and pasture quality. From a soils perspective, too 
much or too little phosphorus can have severe and widespread negative impacts on 
environmental quality (Brady and Weil, 2002). From a pasture quality perspective, 
generally more amounts of available phosphorus improve plant health. Therefore it is 
important to understand the phosphorus amounts. The phosphorus in the pastures studied 
ranged from 8.0 - 139 ppm, with an overall average and standard deviation of 23.6 ppm ~ 
24.8 ppm, respectively (Figure 11). This average falls in the high category (> 21 ppm) 
according to Voss et al. (1999). Pastures 1, 2, and 3 had phosphorus values in the high 
category (> 21 ppm) (Voss et al. 1999). Pastures 4 and 7 had phosphorus values in the 
optimal range (16 to 20 ppm) (Voss et al., 1999). Pasture 6 was the only field that had 
phosphorus values in the low range (10 to 15 ppm) (Voss et al., 1999). Pasture 1 had the 
highest amount of phosphorus of all the pastures with an average value of 42.2 ppm, but it is 
highly variable when looking at all the pedons sampled. This is possibly due to the different 
paddocks and treatments associated with each one in the rotationally grazed field. Overall, 
summits, shoulder, footslope and toeslope positions on the landscape also have high 
phosphorus values according to Voss et al. (1999), while backslope positions had low 
phosphorus values overall. 
Exchangeable potassium in the pastures overall was very high. The potassium values 
ranged from 64.0 ppm to 496.5 ppm, with an average value of 174.9 ~ 88.8 ppm (Figure 12). 
High exchangeable potassium was found in all pastures except pasture 7, which has the 
optimal potassium. When looking across the entire landscape, summit, shoulder and 
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backslope positions had high rates of exchangeable potassium. Footslope and toeslope 
positions had optimal values of exchangeable potassium. No differences were significant 
with respect to pasture quality and potassium content. 
Twelve samples from across the landscape of the four high and fair pasture quality 
were examined for the water content at —1/lobar and —15 bar. Available volumetric water 
n nt values were obtained b subtractin the —1/ bar and —15 bar sam les. —1/~o bar and co to y g t o p 
—15 bar osmotic pressures are defined as the field capacity and the permanent wilting point of 
the soil respectively, which is the maximum and minimum amount of water available to 
plants. It is important to note that for the high quality pastures, the soils textural 
classification was silty clay loam. The fair quality pastures soils varied more in their textural 
classification. Generally these soils have more sand than the high quality pastures (Figure 7). 
Total available volumetric water content to a one-meter depth ranged from 0.43 - 0.01 
cm3/cm3 of water in the soil across all the pastures (data not shown}. The overall average 
volumetric water content is 0.18 ~ 0.12 cm3/cm3 water (Table 9). 
Water content was also examined by comparing hill slope positions. The summit, 
backslope, and footslope positions in the field were looked at to capture the maximum 
variability and attempt to understand the entire field. The available volumetric water 
contents of the summits, backslopes, and footslopes were found to be 0.15 ~ 0.10 cm3/cm3
water, 0.24 ~ 0.12 cm3/cm3 water, and 0.07 ~ 0.08 cm3/cm3 water respectively (data not 
shown). The two tailed t-test value indicates no significance between any of these values 
(Table 9). 
The data was also separated by into different depths. The soil was examined at three 
depth ranges 0 - 15 cm, 15 - 30 cm and 85 - 100 cm. Available volumetric water content 
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were 0.26 ~ 0.04 cm3/cm3 water, 0.18 ~ 0.13 cm3/crn3 water, and 0.07 ~ 0.08 cm3/cm3 water 
for 0 - 15 cm, 15 - 30 cm, and 85 - 100 crn, respectively (data not shown). The two tailed t-
test values indicate a significant difference in the water contents between the 0 - 15 cm and 
85 - 100 cm depths in the soil (Table 9). The data shows that the water decreases as the 
depth increases although; this change in water content is not evident until you go to a depth 
greater than 30 cm. This is due, in part, to the decreased porosity with depth as evident by 
the increases in bulk density already discussed. 
Soil Quality Factors 
Soil quality refers to "the capacity of a soil to function within ecosystem boundaries 
to sustain biological productivity, maintain environmental quality, and promote plant and 
animal health" (SSSA, 1996; Doran and Parkin, 1994). It is an idea that has been defined 
qualitatively but has been difficult to define quantitatively because of the variability 
associated with the environmental factors associated with soil quality. 
Soil quality can be used to help predict environmental conditions and/or to assess 
productivity of the field depending on the desired outcome for the field. Factors to determine 
soil quality can vary depending on the discipline interested in describing it. For our study we 
were interested in soil quality from an environmental standpoint. Key factors influencing 
soil quality from an environmental perspective include: general soil morphology, drainage 
class, soil structure, depth of A-horizon, depth of mollic color, rooting profile, bulk density, 
soil organic carbon, C : N ratios, soil texture, pH, percent water stable aggregates, amount of 
extractable N, P, and K, and water holding capacity. These factors were examined to 
compare pasture managements and individual landscape characteristics to soil quality in an 
individual field. 
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Soil quality is increasingly proposed as an integrative indicator of environmental 
quality (National Research Council, 1993; Monreal et al., 1998), food security (Lal, 1999) 
and economic viability (Hillel, 1991). Therefore it would appear to be an ideal indicator of 
sustainable land management (Herrick, 2000). Twelve states have developed general soil 
quality indexes based on the various soil characteristics. Few have yet narrowed the 
discussion to only one land use. Also, most of these do not yet address quality of the 
individual land use. As of July 2003 the USDA-NRCS has published a new pastureland soil 
quality information sheet. The indexes that currently exist can be accessed at the soil quality 
institute division of the USDA-NRCS (USDA-NRCS, 1996 http://soils.usda.gov/sqi/,
accessed 11/12/03). Iowa does not currently have a formal system of assessing soil quality. 
Three approaches were tested for determining our own soil quality indexes. Each 
rests on our hypothesis that soil quality index is equal to the pasture quality index. These 
approaches include: (1) using regression to develop an equation to predict soil quality using 
soil properties from each of the four soil quality indicators categories, (2) developing an
evaluation sheet similar to those used in other states based on the properties sampled, and (3) 
developing an equation with coefficients, determined from interpretations of the data based 
on the pasture quality, related back to the pasture quality index (Table 2). The regression 
method for determining soil quality was abandoned because negative values for the 
coefficient were obtained. The soil quality indicators are all positive soil attributes or things 
that should enhance the soil quality not degrade it. Therefore, the following discussion will 
only cover the final two methods. The second method is being evaluated by others in depth 
(e.g. Mike Barker, MS student in Soil Science at ISU). Therefore the third approach will be 
what we discuss at more depth to assess soil quality. 
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These individual soil properties described previously, can be grouped together in four 
different indicators of soil quality from an environmental perspective. These categories 
include water availability and drainage, organic matter, soil fertility, and general soil 
structure and stability. As a soil quality indicator, water can be defined to include infiltration 
capacity, water holding capacity, soil structure, and depth to redoximorphic features. 
Organic matter as a soil quality indicator can be defined to include bulk density, surface 
residue, soil structure, organic carbon, rooting depth, particle size, and pH. Soil fertility is 
important to note because of its importance to plant growth with soil characteristics including 
available nitrogen, available phosphorus, available potassium, SOC content, depth of 
redoximorphic features, and pH. General soil structure and stability properties could include 
bulk density, SOC content, soil structure, surface residue, particle size, percent slope, percent 
water stable aggregates, and rooting depth. Factors for each of the four categories could 
include several of the variables and possibly be important to more than one category. This 
influenced how the factors were weighted for the various soil quality equations. 
The first hypothesis is that the intensity of the soil characteristics variability 
corresponds to the degree of influence the soils characteristic has on soil quality. Individual 
soil characteristics show little variability when examined separate from other properties. 
Notice that there are several characteristics that are not unique to one of the variables 
associated with soil quality. For example, soil structure is not unique to discussing soil water 
but is also important for organic matter and stability of the landscape. Soil quality must be 
based on a compounding of several characteristics and their relationship to one another. Soil 
quality can only then be considered a quantitative value. 
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Four equations were examined to determine the reliability of the equation in 
determining soil quality. The variables in the equation were taken from the four categories 
based on their variability with pasture quality. The equations are shown in more depth in 
Table 13. Four equations were developed to determine the best set of soil properties to 
determine soil quality. The values of soil quality were compared to the average pasture 
quality index. The pasture quality index is found by averaging the pasture quality 
evaluations ranking by individuals (Appendix A). 
Equation 1 shows the most promise for predicting soil quality. It is: 
[Soil Quality = 5*(oven dried bulk density (g*cm 3 ) weighted to a 1-m depth) + 
4*(total % OC by horizon) + 0.1*(infiltration ranking) + 0.1 *(pH values using H2O 2:1 ratio) 
+ 0.1*(estimate of root volume weighted to 1-m depth) + 0.2*(% clay - avg top horizon) + 
0.1 *(%water stable aggregate content weighted to 50 cm depth) + 2*(surface residue oven 
dry (g/cm2))] 
This equation shows the most promise for predicting soil quality, although the 
pastures sampled before 2001 do not include data for %clay and infiltration ranking which 
are to critical values for this equation. The equations we developed show that as the number 
of soil properties increase the ability to predict soil quality is also increased (Table 10, Figure 
13). Once the equation was developed for predicting the soil quality of the various pasture 
qualities data from the study was put back into the equation and it was determined with some 
degree of certainty. Soil Quality Index (using equation 1) = 0.70 (Pasture Quality Index) + 
8.37, r2 = 0.80. This gives some confidence that overall soil quality can be determined with 
some degree of certainty based on the pasture quality. However, additional pastures should 
be studied to determine the significance in pasture quality's ability to predict the soil quality. 
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Conclusions 
Pedological properties vary systematically across landscapes and across pastures. In 
fact, some properties (e.g. stable aggregate content) are clearly tied more to long-term land 
use while others are tied to landscape position (e.g. SOC content). Pasture quality and soil 
quality can be related with pedon properties. 
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Vesser-Colo Alluvium 6 3,5,6,7 
Fine-loamy, mixed, 
superactive, mesic 
Cumulic Hapludolls 33% 
Zook- 
Olmitz- 
Vesser Alluvium 2 2,4 
Fine, smectitic, 
mesic Cumulic 
Vertic Endoaquolls 0% 

































Typic Argiudolls SO% 
Source: Lucas and Wayne County Soil Surveys (Boeckman et al., 1999, Lockridge et al., 
1971) 
* This agreement is only for four of the seven pastures to the great group level of 
classification. Pedons from the other pastures were not classified although we surmise they 
would give comparable data. 
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Table 2. General Pasture Properties of the Seven Study Sites in the 













Location Min Max 








Pasture 3 39 Fair 14.0 SE 0.0 16.0 
SWl/4, SE l /a~ 
NE 1 /4, Sect. 20, 
T70N, R21 W 
Pasture 4 49 Poor 13.1 NW 1.0 14.0 
SE1/4~ NW1/4~ 
Sect. 3 6, 
T73N, R21 W 
Pasture 5 32 * * 18.1 SW 1.0 12.0 
SE1/4, NWI/4~ 
Sect. 24, 
_ T68N, R23 
Pasture 6 55 Fair 17.4 NW 2.0 18.0 
NEl/a~ NE1/a~ 
Sect. 31, 
T70N, R21 W 










-~ Pasture 1 
N 
= Pasture 2 
N 
= Pasture 3 
N 
= Pasture 4 
N 
= 
A horizon thickness (cm) 43.8±10.5 11 _ 38.5±15.9 9 43.5±16.8 10 39.9±21.5 10 
Granular structure _ 
maximum depth(cm) 31.5±15.4 11 19.4±22.4 9 25.6±14.1 10 -- --
Field moist color 
Thickness of 3/3 (cm) 45.0±14.1 11 40.9±20.5 9 54.1±36.4 10 24.4±29.3 10 
value with 3/3 colors 2.8±0.4 25 2.7±0.5 19 2.5±0.5 31 3.0±0.0 13 
chroma with 3/3 colors 1.3±0.5 25 1.4±0.6 19 1.7±0.7 31 2.0±0.4 13 
value -non mollic colors 4.5±0.5 47 4.6±0.7 45 4.2±0.6 34 4.4±0.5 54 
chroma -non mollic colors - 2.2±0.6 47 2.6± 1.0 45 - 4.4± 1.4 34 3.1 ±0.7 54 
Bulk density 
0-20 cm depth (g/cm3) 1.20±0.06 11 1.20±0.09 9 1.36±0.15 10 1.23±0.09 10 
0-50 cm depth (g/cm3) 1.21±0.06 11 1.26±0.08 9 1.42±0.13 IO 1.26±0.09 10 
0-100 cm depth (g/cm3) 1.31 ±0.07 11 _ 1.3 7± 10 _ 9 1.5 3 ±0.10 _ 10 1.3 7±0.10 10 
Residue cover (g/cmZ) 
average cover 0.06±0.04 11 0.05±0.02 _ 9 0.03±0.04 10 0.07±0.11 10 
Estimation of Percent Roots 
Roots (to 0.2 m depth) 3.5± 1.0 
_ 
11 4.8± 1.1 9 
_ 
4.0±0.9 10 3.3± 1.0 10 
Roots (to O.Sm depth) 2.9±0.7 11 3.6±0.9 9 3.1 ±0.7 I 0 2.4±0.9 10 
Roots (to 1 m depth) _ 2.0±0.5 _ I 1 _ 2.1 ±0.6 9 2.2±0.5 I O _ 1.6±0.6 10 
Soil Organic Carbon Content 
SOC (kg/m2-0.2m depth) 7.1 ± 1.1 11 8.8±2.4 9 6.2± 1.4 10 5.7± 1.4 
_ 
10 
SOC (kg/m2-O.Sm depth) 10.9±1.2 11 13.0±2.5 9 10.3±2.0 10 8.9±2.2 10 
SOC (kg/m2-1 m depth) 14.0±1.8 1 I 16.3±4.4 9 13.9±3.8 _ 10 _ 11.5±3.2 10 
Soil Fertility (ppm) 
N-NO3 -top horizons 9.8±6.2 
_ 
11 9.1±6.2 9 11.5±4.9 10 5.9±8.3 10 
K -top horizons 218.2±98.7 11 168.9±54.1 9 171.8±85.2 10 161.5±48.9 10 
P -top horizons 42.2±40.2 I 1 _ 25.3±4.9 9 22.2±7.0 10 19.5±8.7 10 
Texture -
Clay % -- all horizons 3 3.0±2.8 72 3 3.5 ±4.7 5 9 3 0.0±5.1 64 -- --
Clay % -top horizons 42.2±40.2 11 30.4±1.8 9 26.5±2.7 10 -- --
Sand % -top horizons 3.3± 1.8 11 7.9±6.4 9 29.1 ± 14.2 10 -- --
Silt % -top horizons 64.0±3.7 11 61.76.0 9 44.4±12.9 10 -- --
Textural Class sicl 11 sicl 9 sicl 10 -- -- 
Stable Aggregates 
average top horizons 71.8±13.3 11 68.1±6.3 9 49.3±10.2 10 62.3±13.9 10 
to O.Sm depth 64.1 ±15.3 11 66.6±5.1 9 43.8±9.9 _ 10 59.1 ±5.7 10 
pH 
5.1 ±0.3 72 5.1 ±0.5 59 5.3±0.5 65 5.5±0.6 67 
*(Data given as mean standard deviation (N =number of observations). 
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Pasture 5 N 
_ 










A horizon thickness (cm) 42.3 ±3 0.7 11 3 5.0± 12.6 10 31.7±7.0 10 _ 3 8.2± 18.1 75 
Granular structure _ 
maximum depth(cm} _ -- -- _ 3 9.1 ± 17.0 10 _ -- -- 28.1 ± 18.0 44 
Field moist color 
Thickness of 3/3 (cm) 40.6±35.2 11 32.4±30.9 10 17.7±14.0 10 35.5±28.1 75 
value with 3/3 colors 2.7±0.4 23 2.9±0.3 18 2.9±0.4 8 2.8±0.4 147 
chroma with 3/3 colors 1.7±0.8 23 1.9±0.6 18 1.8±0.7 8 1.7±0.7 147 
value -non mollic colors 4.5±0.7 44 4.2±0.7 46 4.9±0.6 58 4.5±0.6 342 
chroma -non mollic colors 4.5± 1.3 44 3.9± 1.5 46 2.9±0.9 5 8 3.4± 1.4 342 
Bulk density 
0-20 cm depth (g/cm3) 1.43±0.25 I 1 1.37±0.15 10 1.30±0.13 10 1.30±0.16 75 
0-50 cm depth (g/cm3) 1.47±0.25 11 _ 1.42±0.14 10 1.32±0.11 10 1.35±0.17 75 
0-100 cm depth (g/cm3) 1.5 8±0.25 11 _ 1.47±0.09 10 1.46±0.10 10 1.46±0.16 75 
Residue cover (g/cmz) _ 
0.40±0.50 
_ 
11 0.04±0.05 10 
_ 
0.13±0.17 10 0.11±0.23 75 
Estimation of Percent Roots _ 
Roots (to 0.2 m depth) 3.3± 1.5 I 1 
_ 
4.6± 1.0 10 2.0±0.6 10 3.7± 1.5 75 
Roots (to O. Sm depth) 2.4± 1.0 11 2.6±0.7 10 1.4±0.3 10 2.8± 1.0 75 
Roots (to 1 rn depth) 1.7±0.5 11 _ 2.3±0.4 10 _ 1.0±0.3 10 _ 1.9±0.6 75 _ 
Soil Organic Carbon Content ~ 
SOC (kg/m2-0.2m depth) 8.8± 1.9 11 6.0± 1.4 
_ 
10 6.1 ± 1.5 10 6.9± 1.9 75 
SOC (kg/m2-O.Sm depth) 14.6±4.3 11 9.7±2.3 10 8.9±1.1 10 10.8±3.1 75 
SOC {kg/m2-1 m depth) 18.5±7.1 11 12.4±3.2 _ 10 11.2±1.3 _ 10 13.7±4.6 75 
Soil Fertility (ppm) 
N-NO3 -top horizons 36.5±24.5 ~ 11 4.7±2.9 10 8.4±6.5 10 12.3±15.0 75 
K -top horizons 521.2±496.1 11 199.9±95.8 10 124.0±27.4 10 224.4±231.1 75 
P -top horizons 32.9±25.9 _ 11 15.0±3.2 10 15.8±3.8 10 24.9±20.4 _ 75 
Texture -- _ 
Clay % -all horizons -- -- 30.7±5.8 64 -- -- -- -- 
Clay % -top horizons -- -- 26.5±3.2 10 -- -- -- --
Sand % -top horizons -- - 31.320.0 10 -- -- -- --
Silt % -top horizons -- - 
- -
42.2 17.2 10 -- -- -- --
Textural Class -- -- sicl 10 -- -- -- -- 
Stable Aggregates _ 
average top horizons 54.3±6.1 10 59.4±10.2 10 , 46.8±12.7 10 59.5±13.6 74 
to O.Sm depth 54.7±14.5 11 _ 52.1±9.7 10 _ 55.9±7.1 10 56.6±12.6 75 _ 
pH 
5.4±0.9 67 5.3±0.6 64 5.5±0.8 66 5.4±0.7 486 
*(Data given as mean±standard deviation (N =number of observations). 
~o 








Well Drained Well Drained 
1 1 10 -- --
2 1 7 1 --
3 -- 5 5 --
4 3 7 -- --
6 1 6 3 --
7 4 3 3 --
Total 10 3 8 12 0 
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Table 5. Percent Granular Structure for Four Pasture Transects Pedons in the 
Chariton River Watershed, IA. 
Pasture 
# 
Pedons Pedons with Granular 
Structure 
Percent Granular Structure 
in Top Horizon of Pedans 
1 11 11 100 
2 9 5 56 
3 8 10 80 
6 10 9 90 
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Table 6. Average Bulk Density (Mean t Standard Deviation weighted to a 
1-m depth) for Three Levels of Pasture Qualities in the Chariton River Watershed, IA. 
Pasture Management Average Bulk Density 
High Quality 
(Pastures 1 & 2) 1.38 f 0.17 g/cm3
Medium Quality 
(Pastures 3 & 6) 1.51 t 0.18 g/cm3
Poor Quality 
(Pastures 4 & 7) 1.57 t 0.17 g/cm3 
73 
Table 7. SOC by Depth vs. Pasture Qualities with Ratios by Depth for Three 
Levels of Pasture Quality in the Chariton River Watershed, IA. 
Avera e of 2 Qualities Mean SOC Content (kg/mZ to a g 
certain depth) 
High Quality Fair Quality Poor Quality 
Depth Pastures 1& 2 Pastures 3& 6 Pastures 4& 7 
0-20 cm 7.9 kg * m"3 6.1 kg * m"j 5.9 kg * m 3
0- 5 0 cm 11.9 kg * m"3 10.0 kg * m"j 8.9 kg * m"~ 
0-100 cm 15.0 kg * m"j 13.1 kg * m"j 11.3 kg * m"j
Ratio 1-0.8-0.5 1-0.8-0.5 1-0.8-0.5 
*Pasture 5 not included because of the dramatic influence of a former feedlot apparently 
had on SOC content. 
* * Ratios assume all SOC content is captured at the one meter depth. Ratios given as 
"(wt SOC 1-m/ wt SOC 1-m)" dash "(wt SOC 0.5-m/ wt SOC 1-m)" dash "(wt. SOC 
0.2-m/ wt SOC 1-m)" 
~4 
Table 8. T-test analyses results comparing average SOC contents to a 0.2 m, 0.5 m and 
1.0 m depth by average pasture quality (averaged pasture #'s in parenthesis), Chariton 
River watershed IA. 
Depth ~ 0.2 m depth 0.5 m depth 1.0 m depth 
Pasture Quality l~ Two Tail T-test — P (T<=t) two tail 
High (1&2) vs. Fair (3&6) 0.00 0.01 _ 0.09 
High (1&2) vs. Poor (4&7) 0.00 0.00 0.00 
Fair (3&6) vs. Poor (4&7) 0.64 0.08 0.06 
~s 
Table 9. Statistical Analysis of Soil Available Water Content Comparing Various 
Pasture Characteristics in High and Fair Quality Pastures in the Chariton River 







High vs. Fair 0.56 11 
Depth 
15 cm vs. 30 cm 0.39 9 
15 cm vs. 100 cm 0.03 5 
30 cm vs. 100 cm 0.30 8 
Landscape Position 
Summits vs. Backslopes 0.32 9 
Summits vs. Footslopes 0.38 5 
Backslopes vs. Footslopes 0.12 8 
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Table 10. Equations for Determining Soil Quality Based on General Pedon Properties 
in the Chariton River Watershed, IA. 
Equation 1 Soil Quality = 5*(oven dried bulk density (g*cm"j) weighted to a 1-m 
depth)+4*(total % OC by horizon)+0.1*(infiltration ranking)+0.1 *(pH 
values using H2O 2:1 ratio)+0.1*(estimate of root volume weighted to 1-m 
depth)+0.2*(%clay - avg top horizon)+0.1 *(%water stable aggregate 
content weighted to 50 cm depth)+2*(surface residue oven dry (g/cm2)) 
Equation 2 Soil Quality = 0.01 *(ma~cimum depth to oxidation)+0.01 *(minimum depth 
to reduction)+0.1 *(A-horizon thickness)+0.1*(maximum Mansell mollic 
depth)+0.2*(chromameter inollic value)+0.2*(chromameter mollic 
chroma)+1*(oven dried bulk density (g*cm"3) weighted to a 1-m 
depth)+1*(surface residue oven dry (g/ cm2))+1*(estimate of root volume 
weighted to 1-m depth)+0.3*(organic carbon (kg*m 2*m'~))+0.01 *(avg 
NO3-N(ppm))+0.002*(avg B-P (ppm))+0.005*(avg K (ppm))+0.1*(% 
water stable aggregates (all data average))+0.05*(pH values using H2O 2:1 
ratio) 
Equation 3 Soil Quality = (oven dried bulk density (g*cm j ) weighted to a 1-m 
depth)+(Surface residue oven dry (g/cm2))+0.75*(estimate of root volume 
weighted to 1-m depth)+0.33*(organic carbon kg*m 2*m 1)+0.25*(%water 
stable aggregate content (weighted to SOcm depth))+033*(pH values using 
H2O in a 2:1 ratio) 
Equation 4 Soil Quality = (surface residue oven dry (g/cm1))+(estimate of root volume 
by horizon)+3*(total %organic carbon by horizon) +0.25*(Avg. NO3-N 
(ppm))+0.25*(avg. pH values using H2O in a 2:1 ratio)+0.25*(%water 
stable aggregate content (weighted to SOcm depth))+(oven dried bulk 
density (g*cm 3) weighted to a 1-m depth) 
~~ 
Figure 1. General State Relief Map Showing Counties studied (highlighted boxes) in the 
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Figure 2. Cross-section Showing a Typical Landscape for the Southern Iowa Drift Plain. 
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Figure 3. Average Maximum Depth of Mollic Color (3/3 or lower) across Six Pasture 
















Figure 4. Average Estimated Root Volume at Three Depths Comparing the Six Pasture 
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Figure 5. Average Oven Dried Bulk Densities Weighted to Three Depths across 
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Figure 6. SOC Content (kg*m-z) at Three Depths across Six Pasture Transects in 
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Figure 7. Soil Texture of Pedons from Four Pasture Transects Sampled in 2001 
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Pasture 1 Pasture 2 Pasture 3 Pasture 4 Pasture 6 Pasture 7 
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Figure 8. Average Particle Sizes for the Top Horizon of the Core across Six Pasture 
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Figure 9. Average Percent Water Stable Aggregates at the Surface and to 0.5-m Depth across 
Six Pasture Transects in the Chariton River Watershed, IA with Error Bars Showing Standard 
Deviations. 
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Pasture 1 Pasture 2 Pasture 3 Pasture 4 Pasture 6 Pasture 7 
Figure 10. Average NO3-N (ppm) of Surface Horizon across Six Pasture Transects 
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Pasture 1 Pasture 2 Pasture 3 Pasture 4 Pasture 6 Pasture 7 
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Figure 1 1. Average Brayl-P (ppm) of Surface Horizon across Six Pasture Transects in the 
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Figure 12. Average K (ppm) of Surface Horizon across Six Pasture Transects in the 



















~ Equation 3 
!Equation 4~ - 
• 
SQI (Equation 1) = 0.70(PQI) + 8.37; r2 = 0.80 
SQI (Equation 2) = 0.50(PQI) + 14.54; r2 = 0.69 
SQI (Equation 3) = 0.32(PQI) + 17.72; r2 = 0.45 
SQI (Equation 4) = 0.36(PQI) + 17.75; r2 = 0.19 
10.0 12.0 14.0 16.0 18.0 20.0 22.0 24.0 26.0 28.0 30.0 
Measured Pasture Quality Index 
Figure 13: Predicted Soil Quality Index (Based on Various Soil Properties of the Soils 
in the Chariton River Watershed) Compared to Pasture Quality Index. 
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CHAPTER 4: GENERAL CONCLUSION 
Pasture, as a land use, has a profound impact on the environmental quality and 
economic diversity in South Central Iowa. Many farmers use pastures to increase the 
productivity of the difficult soils found in the rolling hills of the Chariton River Watershed. 
This study examines the impacts of three levels of pasture quality on soil organic carbon 
(SOC) content and soil quality in the Chariton River Watershed, IA. SOC content was found 
to vary both by landscape position and pasture quality. High quality pastures average about 2 
to 4 kg * m"2 * m"1 more SOC content than fair and poor quality pastures, respectively. SOC 
content is proportional with depth regardless of landscape position and pasture quality. Soil 
quality was found to be proportional to pasture quality. 
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APPENDIX A: SELECTED FORMS AND ASSESMENT SUMMARIES 
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Pasture condition and Quality evaluation Qualifications form 
































The species are mostly: 
0 1 2 3 4 
Undesirable-Intermediate-Desirable 
Plant Diversity: 
The diversity of plant species is: 
0 1 2 3 4 
Narrow <2- Medium 3-4 -Broad >5 
Plant Density: 
The percent ground cover is: 
0 1 2 3 4 
<55% 65 75 85 >95% 
Plant vigor: 
Desirable &intermediate species: 
0 1 2 3 4 
Weak Medium Strong 
Legumes in Stand: The total 
percentage of legume biomass: 
0 1 2 3 4 
< 10 10-19 20-29 3 0-3 9 >40 
Severity of Use: 
The degree and frequency of use is: 
0 2 4 2 0 
Light Moderate Heavy 
Uniformity of Use: 
The uniformity of grazing is: 
0 1 2 3 4 
Spotty Intermediate Uniform 
Soil Erosion: Sheet, rill, gully and 
stream bank erosion is: 
0 1 2 3 4 
Severe Moderate Slight 
Plant Residue: Dead and decaying 
plant material is: 
0 2 4 2 0 
Deficient Appropriate Excessive 
Overall ranking:: 
_hum of all above criteria. 
Source: University of Wisconsin Extension Publication 1996 
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Burras, Lee -Pasture Condition and Quality Evaluation Qualifications 
Pastur Le al Location ~ e g 






























- - - - - - -The species are mostly: 0 1 2 3 4 
Undesirable-Intermediate-Desirable 
Plant Diversity: 
_ _ _ _ _ _ _ The diversity of plant species is: 
0 1 2 3 4 
Narrow <2- Medium 3-4 -Broad >5 
Plant Density: 
4 3.5 1 2.5 1.5 1.5 1 The percent ground cover is: 0 1 2 3 4 
<55% 65 75 85 >95% 
Plant Vigor: 
- - - - - - -Desirable &intermediate species: 
0 1 2 3 4 
Weak Medium Strong 
Legumes in Stand: The total 
_ _ _ _ _ _ _ percentage of legume biomass: 
0 1 2 3 4 
< 10 10-19 20-29 3 0-3 9 >40 
Severity of Use: 
3 2 1 3 3 2 1 The degree and frequency of use is: 0 2 4 2 0 
Light Moderate Heavy 
Uniformity of Use: 
3 . S 1.5 1.5 2.5 3 
_ 
2 2 The uniformity of grazing is: 0 1 2 3 4 
Spotty Intermediate Uniform 
Soil Erosion: Sheet, rill, gully and 
4 1.5 1 2 2.5 2 0.5 stream bank erosion is: 0 1 2 3 4 
Severe Moderate Slight 
Plant Residue: Dead and decaying 
4 4 2 - 4 3 3 plant material is: 0 2 4 2 0 
Deficient Appropriate Excessive 
Overall ranking: 
Sum of all above criteria. 18.5 12.5 6.5 ~ 0 14.5 10.5 7.5 
Source: University of Wisconsin Extension Publication 1996 
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Hintz. Royer -Pasture Condition and Quality Evaluation Qualifications 































3 2 3 3 3 
• 
2.5 2 The species are mostly: 
0 1 2 3 4 
Undesirable-Intermediate-Desirable 
Plant Diversity: 
2 2 2 1 1 2 1 The diversity of plant species is: 
0 1 2 3 4 
Narrow <2- Medium 3-4 -Broad >5 
Plant Density: 
4 4 2.5 4 3 3 1 The percent ground cover is: 0 1 2 3 4 
<55% 65 75 85 >95% 
Plant Vigor: 
3 2 3 2 3 2 2 Desirable &intermediate species: 
0 1 2 3 4 
Weak Medium Strong 
Legumes in Stand: The total 
1 0 2 0 0 1 0 percentage of legume biomass: 
0 1 2 3 4 
<10 10-19 20-29 30-39 >40 
Severity of Use: 
2 1 2 1 1 0 0 The degree and frequency of use is: 
0 2 4 2 0 
Light Moderate Heavy 
Uniformity of Use: 
2 3 3 3 3 3 3 The uniformity of grazing is: 
0 1 2 3 4 
Spotty Intermediate Uniform 
Soil Erosion: Sheet, rill, gully and 
4 4 4 4 4 3 4 stream bank erosion is: 
0 1 2 3 4 
Severe Moderate Slight 
Plant Residue: Dead and decaying 
4 2 4 4 4 3 3 plant material is: 
0 2 4 2 0 
Deficient Appropriate Excessive 
Qverall ranking: 
. .'Sum of all :above criteria. 25 20 25.5 22 22 19.5 16 
Source: University of Wisconsin Extension Publication 1996 
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McLaughlin. Julie -Pasture Condition and Quality Evaluation Qualifications 
Pasture Legal Location ~ 






























3 3 0.5 1 2 3 1 The species are mostly: 0 1 2 3 4 
Undesirable-Intermediate-Desirable 
Plant Diversity: 
1.5 2 2 1 2 1 0.5 The diversity of plant species is: 
0 1 2 3 4 
Narrow <2- Medium 3-4 -Broad >5 
Plant Density: 
4 3.5 0.5 0 2 2.5 0 The percent ground cover is: 0 1 2 3 4 
<55% 65 75 85 >95% 
Plant Vigor: 
3 2 1 1 2 1.5 
r
0 Desirable &intermediate species: 
0 1 2 3 4 
Weak Medium Strong 
Legumes in Stand: The total 
- - - - - - -percentage of legume biomass: 
0 I 2 3 4 
10 10-19 20-29 3 0-3 9 >40 
Severity of Use: 
4 1 0 2 2 1.5 0 The degree and frequency of use is: 
0 2 4 2 0 
Light Moderate Heavy 
Uniformity of Use: 
1.5 3 2 2 3 
r 
3 2 The uniformity of grazing is: 
0 1 2 3 4 
Spotty Intermediate Uniform 
Soil Erosion: Sheet, rill, gully and 
3 4 2.5 2 1 2 1 stream bank erosion is: 
0 1 2 3 4 
Severe Moderate Slight 
Plant Residue: Dead and decaying 
4 4 2 2 3 
r 
2 1. S plant material is: 
0 2 4 2 0 
Deficient Appropriate Excessive 
CJverall .ranking:._,. . 




l L . ~ 1 ~. 17 16.5 6 
Source: University of Wisconsin Extension Publication 1996 
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Wills, Skye -Pasture Condition and Quality Evaluation Qualifications 
Pa tore Le al Location ~ s g 






























2 1 1 1 2 2 1 The species are mostly: 0 1 2 3 4 
Undesirable-Intermediate-Desirable 
Plant Diversity: 
2.5 2 2 2 2.5 2 1 The diversity of plant species is: 
0 1 2 3 4 
Narrow <2- Medium 3-4 -Broad >5 
Plant Density: 
4 4 1.5 1.5 3 3 1 The percent ground cover is: 0 1 2 3 4 
<55% 65 75 85 >95% 
Plant Vigor: 
2 2 0. S 0.5 2 2 0.5 Desirable &intermediate species: 
0 1 2 3 4 
Weak Medium Strong 
Legumes in Stand: The total 
- - - - - - -percentage of legume biomass: 
0 1 2 3 4 
< 10 10-19 20-29 3 0-3 9 >40 
Severity of Use: 
4 4 1 1 4 3.5 0 The degree and frequency of use is: 
0 2 4 2 0 
Light Moderate Heavy 
Uniformity of Use: 
2.5 3.5 3 2 2 3.5 3 The uniformity of grazing is: 0 1 2 3 4 
Spotty Intermediate Uniform 
Soil Erosion: Sheet, rill, gully and 
4 4 2 1 2 2.5 2 stream bank erosion is: 0 1 2 3 4 
Severe Moderate Slight 
Plant Residue: Dead and decaying 
3 3 1.5 0.5 4 2 1 plant material is: 0 2 4 2 0 
Deficient Appropriate Excessive 
Overall ranking: 
. ...Sum of all above- criteria. - 25 23.5 12.5 9.5 2.1.5 20.5 9.5 
Source: University of Wisconsin Extension Publication 1996 
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Pasture # 1-Field Map 
Pasture 1 -Soils 
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Pasture # 7 -Field Map 
~ -Pasture 7 Transect Location 
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GROUND COVER PHOTOS AND ASSESSMENT 
* Purple squares = soil/bare ground exposed 
* * Orange squares = obstructed view of the ground 
Pasture # 1 -Ground cover assessment for Section 9, T71N, R22W on January 07, 2002 
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Pasture 1 -Summary 
31 purple squares (bare ground exposed) 
100 total squares 
31 %bare ground exposed 
69% ground cover 
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Pasture # 2- Summary 
24 purple squares (bare ground exposed) 
100 total squares 
15 obstructed squares (85 total unobstructed squares) 
28% bare ground exposed 
72% ground cover 
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- Ground cover assessment for Section 20, T70N, R21 W on January 07, 2002 1 Kv~uav ~ 
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Pasture # 3 -Summary 
22 purple squares (bare ground exposed) 
100 total squares 
67 obstructed squares (33 total unobstructed squares) 
67%bare ground exposed 
3 3 %ground cover 
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Pasture # 4 -Ground cover assessment for Section 36, T73N, R21 W on January 07, 2002 
Pasture # 4 -Summary 
66 purple squares (bare ground exposed) 
100 total squares 
66%bare ground exposed 
34% ground cover 
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Pasture # 6 -Ground cover assessment for Section 31 & 32, T70N, R21 W on Jan. 07, 2002 
Pasture # 6 -Summary 
33 purple squares (bare ground exposed) 
100 total squares 
33%bare ground exposed 
67% ground cover 
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Pasture # 7 -Ground cover assessment for Section 25, T69N, R22W on January 07, 2002 
Pasture # 7 -Summary 
47 purple squares (bare ground exposed) 
100 total squares 
40 obstructed squares (60 total unobstructed squares) 
78% bare ground exposed 
22% ground cover 
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APPENDIX C : FARMER'S INFORMATION 
117 
Table 13: Questions in Farmer Survey 
Farmer Survey 
1. How many years has your field been in pasture? 
2. How many cattle or other livestock do you normally have on the land? 
3. Do you practice any sort of rotational grazing, if so what is the rotation? 
(e.g. What is the size of grazing area and how often do you rotate the livestock?) 
4. What type of grasses do you use in your pastures? 
5. What Land use was practiced before the Land was used primarily as pastureland? 
6. How long was your field in the previous management? 
7. Are you aware of any other land uses for your field? 
8. How long were these practiced? 
9. What type of management do you provide for the land? 
10. Do you add any fertilizers to this field? 
If yes, what types of fertilizers have you added and when? 
11. What are the biggest pests in your field? 
12. How have you handled these pests and when was it a problem? 
13. How often is wetness a serious problem in this field? 
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APPENDIX D: SELECTED DATA 
119 
Pedon sub~roun classification by soil survey and description sampled after 2000 





According to the 
Soil Survey 
Subgroup Classification 
According to the Soil Survey 
Soil Series 
According 
to the Soil 
Description 
Subgroup Classification 
According to the Soil 
~ Description 
LU-HC-01 2 Grundy Aquertic Argiudolls Arispe Aquertic Argiudolls _ 
LU-HC-02 2 Arsipe Aquertic Argiudolls Arispe Aquertic Argiudolls 
LU-HC-03 2 Arsipe Aquertic Argiudolls Arispe Aquertic Argiudolls 
LU-HC-04 2 Arispe Aquertic Argiudolls Arispe Aquertic Argiudolls 
LU-HC-OS 2 Arispe Aquertic Argiudolls Arispe Aquertic Argiudolls 
LU-HC-06 2 Lamoni Aquertic Argiudolls Arispe Aquertic Argiudolls 
LU-HC-07 2 Lamoni Aquertic Argiudolls Armstrong Aquertic Hapludalfs 
LU~IMIC-08 2 Lamoni Aquertic Argiudolls - ~ - -
LU-HC-a9 2 ` Shelby. ~'y~ic Argiudolls - - 
LU-HC-10 2 Shelby TYPic Argiudolls - _ _ _ 
LU-H~-1 l 2 Shelby 'Typic Argiudo s _ -
LU-HC-12 2 Shelby Typic Argiudolls Shelby Typic Argiudolls 
LU-HC-13 2 Zook-Olmitz-Vesser Cumulic Vertic Endoaquolls. Chequest Vertic Endoaquolls 
LU-HR-OI 1 Grundy Aquertic Argiudolls Arispe Aquertic Argiudolls 
LU-HR-02 1 Grundy Aquertic Argiudolls Arispe Aquertic Argiudolls 
LU-HR-03 1 Arispe Aquertic Argiudolls Arispe Aquertic Argiudolls 
LU-HR-04 1 Arispe Aquertic Argiudolls Arispe Aquertic 
_ 
Argiudolls 
LU-HR-OS 1 Arispe Aquertic _Argiudolls Arispe Aquertic _Argiudolls 
LU-HR-06 1 Arispe 
_ 
Aquertic _Argiudolls Arispe Aquertic Argiudolls 
LU-HR-07 1 Clarinda 
_ 
Vertic Argiaquolls Arispe Aquertic Argiudolls 
LU-HR-08 1 Lamoni ,Aquertic Argiudolls Arispe Aquertic Argiudolls 
LU-HR-09 1 Lamoni Aquertic Argiudolls Armstrong Aquertic Hapludalfs 
LU-HR-10 1 Lamoni Aquertic Argiudolls Adair Aquertic Argiudolls 
LU-HR-11 ... ... 1 ~ . Lamoni _ Aquertic Argiudolls Zook __ Cumulic Vertic _Endoaquolls . . . _ ~ . 
WA-MC-OI 3 Seymour Aquertic ~ Argiudolls Arispe Aquertic Argiudolls 
WA-MC-02 3 Seymour Aquertic Argiudolls Sharpsburg Typic Argiudolls 
WA-MC-03 3 Adair Aquertic Argiudolls Shelby Typic Argiudolls 
WA-MC-04 3 Adair Aquertic Argiudolls Lindley Typic Hapludalfs 
Hapludalfs WA-MC-OS 3 Adair 
_ 
Aquertic Argiudolls Lindley Typic 
WA-MC-06 3 Shelby _ Typic Argiudolls Shelby Typic Argiudolls 
Argiudolls WA-MC-07 
_ 
3 Shelby Typic Argiudolls Shelby Typic 
WA-MC-08 3 Shelby Typic Argiudolls Olmitz Cumulic Hapludolls 
WA-MC-09 3 Olmitz-Vesser-Colo Cumulic Vertic Endoaquolls Chequest Vertic Endoaquolls 
WA MC-10 3 Olmitz-Vesser-Colo ̀ Cumulic Vertic ̀  .Endoaquolls Ackmore Aeric 
WA-PC-OI 6 
, 







Argiudolls WA-PC-02 6 Seymour Aquertic Argiudolls Arispe Aquertic 
WA-PC-03 6 Clarinda Vertic Argiaquolls Adair Aquertic Argiudolls 
WA-PC-04 6 Adair _ Aquertic Argiudolls Adair Aquertic Argiudolls 
WA-PC-OS 6 ~ Adair _ Aquertic Argiudolls Shelby Typic Argiudolls 
WA-PC-06 6 Adair Aquertic Argiudolls Shelby Typic Argiudolls 
WA-PC-07 6 Adair Aquertic Argiudolls Lindley Typic Hapludalfs 
WA-PC-08 _ 6 Shelby Typic Argiudolls Lindley Typic Hapludalfs 
WA-PC-09 6 Shelby Typic Argiudolls Lindley Typic 
_ 
Hapludalfs 
Hapludolls WA-PC-10 _ 6 _Olmitz-Vesser-Colo Cumulic Vertic Endoaquolls Olmitz Cumulic 
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Pedon subgroup classification by soil survey sampled before 2001 
Pasture cores sampled in 1999 and 2000 ~ 




Soil Type According 
to the Soil Survey 
Subgroup Classification 
According to the Soil 
Survey 
lu 198grjm00 4 Grundy Aquertic Argiudolls 
1u199grjm00 4 Grundy Aquertic Argiudolls 
1u200grjm00 4 Grundy Aquertic Argiudolls 
1u201 grjm00 4 Grundy Aquertic Argiudolls 
1u202grjm00 4 Arispe Aquertic Argiudolls 
1u203grjm00 
r 
4 Arispe Aquertic Argiudolls 
1u204grjm00 4 Arispe Aquertic Argiudolls 
1u205grjm00 4 Clarinda Vertic Argiaquolls 
1u206grjm00 4 Clarinda Vertic Argiaquolls 
1u207grjm00 4 Zook-Olmitz-Vesser Cumulic Vertic Endoaquolls 
wall5cnjm99 5 Adair Aquertic Argiudolls 
wa 116enj m99 _ ~ Adair Aquertic Ar~iudalls 
wa 11 ~cnjm99 5 Adair Aquertic Argiudolls 
wal ;l8cnjm99 -S Adair - Aquertic Argiudolls 
wal 19cnjm99 5 Adair Aquertic Argiudolls 
wa124c~jtn99 5 Shelby Typic Argiudolls.: 
wa '21 cnjm99 5 
--
Shelby Typic Argiud411s 
wa122cnjm99 5 Shelby Typic 
wa 123cnjm99 5 Shelby _ Typic 
_Argiudolls 
Argiudolls .. 
vva 124cnj~n99 5 Olmitz-Vesser-Colo ' Cumulic Vertic Endoaquolls 





Edina Aquertic Argiudolls 
wa 127dbjm99 7 Seymour Aquertic Argiudolls 
wal28dbjm99 7 Seymour _ Aquertic Argiudolls 
wa 129dbjm99 7 Seymour Aquertic Argiudolls 
wa130dbjm99 7 Seymour Aquertic Argiudolls 
wa131dbjm99 7 Clarinda Vertic Argiaquolls 
Argiaquolls wa132dbjm99 7 Clarinda Vertic 
wal33dbjm99 7 Shelby Topic _Argiudolls 
wa 134dbjm99 7 Shelby Typic Argiudolls 
wa135dbjm99 7 _ Olmitz-Vesser-Colo Cumulic Vertic _Endoaquolls 
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SC)C data for all 60 pasture pedons collected for the pasture project. 







Per 1 m^2 - 
1.0 rn depth 
Per 1 m^2 - 0.5 
m depth 
Per 1 m^2 - 
0.2 m depth 
Map 








> 10 = 
_alluvium 
-- All SOC data reported as grams SOC per square meter of land area to the depth specified. --
126 12126.86 9485.90 5936.53 Ed Edina Pasture 2 1 
127 123 89.12 9770.43 7222.73 SeB Seymour Pasture 2 3 
128 12268.01 9860.09 7469.30 SeB Seymour Pasture 2 5 
129 12045.06 9146.11 5881.51 SfC2 Seymour Pasture 2 5 
130 10248.32 8024.75 4950.73 SfC2 Seymour Pasture 2 5 
131 10873.07 8332.90 4479.84 C1C2 Clarinda Pasture 2 5 
132 9164.81 7382.56 4653.70 C1C2 Clarinda Pasture 2 5 
133 8954.41 7077.45 4312.94 ShD2 Shelby Pasture 2 7 
134 12130.29 10296.05 ~ 8044.01 `ShD2 Shelby Pasture 2 7 
135 11510.70 9447.60 7877.01 OvB Olmitz-Vesser-Colo Pasture 2 9 
195 14660.45 10742.38 7476.30 3648 Grundy Pasture 50 1 
196 11587.38 9034.39 5289.48 _3648 Grundy Pasture 50 1 
197 10670.99 8482.22 5857.06 3648 Grundy Pasture 50 1 
198 13534.17 10887.23 7801.29 3648 Grundy Pasture 50 1 
199 11252.98 8982.23 5127.64 23C Arispe Pasture 50 1 
200 11752.50 9737.83 6863.35 -23C Arispe Pasture 50 3 
201 7449.48 5864.32 3858.01 23C Arispe Pasture 50 3 
202 7875.33 6160.32 4139.04 222C2~ Clarinda Pasture 50 5 
203 8147.35 6858.36 4416.81 22X2 Clarinda Pasture 50 5 
204 17652.59 12614.14 6261.15 ~ 13B Zook-Olmitz-Vesser Pasture 50 ~ 7 
P 1 16654.81 13880.77 8056.43 3648 Grundy 
r
`Pasture 75 1 
P2 16537.85 13788.85 11453.49 23C2 Arispe Pasture 75 1 
P3 15164.93 12576.99 8066.27 23C2 Arispe Pasture 75 1 
P4 16517.90 13764.77 10790.70 23C2 .Arispe Pasture 75 2 
PS 14621.04 12340.90 7973.57 23C2 Arispe Pasture 75 3 
P6 11307.01 9336.26 6351.02 82X2 Lamoni Pasture 75 5 





P8 20978.40 16072.29 13023.88 24D2 Shelby Pasture 75 5 
P9 24622.54 15826.34 7448.17 138 Zook-Olmitz-Vesser Pasture 
_ 
75 7 
P 10 15802.55 12354.07 8192.02 3648 Grundy 
r
Pasture 75 1 
P11 13126.24 10327.12 6238.17 3648 Grundy Pasture 75 1 
P 12 14502.52 ~ 11609.14 7841.55 23 C2 ~ Arispe Pasture 
_ 
75 1 
P13 14586.12 11623.87 _ 6559.55 23C2 Arispe Pasture 75 1 
P14 15802.81 12171.44 
~ 
8939.77 23C2 Arispe Pasture 75 1 
P15 15679.86 12390.01 7005.86 23C2 Arispe Pasture 75 1 
P 16 12743.36 10150.64 5478.88 22X2 Clarinda Pasture 75 1 
P 17 12778.05 10243.47 6773.53 82X2 Lamoni Pasture 75 1 
P 18 11934.83 9468.83 6527.07 82X2 Lamoni Pasture 75 3 
P 19 10868.91 8679.51 6077.26 82X2 Lamoni Pasture 75 5 
P20 15814.87 11231.46 8619.51 82X2 Lamoni Pasture 75 7 
P21 12370.89 _ 10367.70 _ 6190.74 _SfC Seymour Pasture 35 1 
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SUC data for all 60 pasture pedons collected for the pasture project (continued). 
P22 13627.07 11063.15 6719.97 SfC Seymour Pasture 35 1 
P23 11174.27 9058.65 5792.18 AaC2 Adair Pasture 35 5 
P24 7980.94 6572.41 4240.16 AaC2 Adair Pasture 35 5 
P25 9827.85 7766.45 4530.72 AaC2 Adair Pasture 35 5 
P26 13544.96 10115.47 5127.87 SoD3 Shelby Pasture 35 5 
P27 17074.53 13197.87 8350.22 Shelby Pasture 35 5 




Shelby Pasture 35 7 
P29 15474.76 12409.38 8335.43 OvB Olmitz-Vesser-Colo Pasture 35 9 
P30 20685.55 10865.75 6921.72 OvB Olmitz-Vesser-Colo Pasture 35 9 
P31 15890.43 12670.89 7866.29 SfC Seymour Pasture 51 1 
P32 15367.62 12445.54 7344.36 SfC Seymour Pasture 51 3 
P33 13081.21 
~ 












P35 9445.51 7577.71 5006.99 AaC2 Adair Pasture 51 5 
P36 9287.61 7506.43 4825.04 AaC2 Adair Pasture 51 5 
P37 10494.81 8564.73 5269.45 AaC2 Adair Pasture 51 5 
P3 8 9175.26 8106.26 4817.74 ShE2 Shelby Pasture 51 5 
P39 10849.27 7563.72 4697.80 ShE2 Shelby Pasture 51 7 
P40 18314.61 . .. 13113.47 8237.07 - OvB Olmitz-Vesser-Colo -Pasture 51 :: 7 
Mean 13162.13 10256.44 6628.34 
St dev. 3427.84 2301.91 1807.02 
Ratio 0.78 0.50 
Count 60 60 60 
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SOC data for 3 0 row cramped pedons collected for the pasture project. 







Per 1 m^2 -- 
_ 1.0 m depth 
Per 1 m^2 - 0.5 
m depth 
Per 1 m^2 - 
0.2 m depth 
Map 
Unit Series Name 
Crop and 
Duration of 





> 10 = 
alluvium 
-- All SOC data reported as grams SOC per s ~ 
_ 
uare meter of land area to the depth specified. -- 
85 24266.20 13329.81 6309.20 CoB Colo Soybeans 20 _ 7 
86~ 9701.53 8641.13 5417.14 SoD3 Shelby Soybeans 20 5 
87 6103.68 5758.18 3751.14 SoD3 Shelby Soybeans 20 5 
88 6598.15 6142.59 4096.05 SoD3 Shelby Soybeans 20 5 
89 8306.03 5840.28 4179.05 AaC2 Adair Soybeans 20 5 
90 12617.12 10426.73 6252.03 AaC2 Adair Soybeans 20 5 
91 8958.49 6909.63 3920.75 AaC2 Adair Soybeans 20 3 
92 10846.92 8668.29 5068.30 AaC2 Adair Soybeans 20 3 
93 10119.21 8163.97 5192.30 SfC Seymour Soybeans 20 3 
94 8860.55 7052.89 4392.09 SeB Seymour Soybeans 20 1 
176 12571.05 9903.11 7483.71 SeB Seymour Corn 15 1 
177 9694.24 7498.62 4791.96 SeB Seymour Corn 1 S 1 
178 9156.87 7339.88 4493.44 SfC Seymour Corn 15 3 
179 8866.48 7154.97 3 873.10 SfC Seymour Corn 15 5 
180 7623.91 6050.89 3811.97 C1C2 Clarinda I S 5 
181 6518.03 5458.56 3767.69 C1C2 Clarinda 
_Corn 
Corn 15 5 
182 7313.41 5 827.5 8 4015.61 ShD2 Shelby Corn 15 3 
183 6765.99 5751.75 ~ 3633.61 ShD2 Shelby Corn I S 3 
184 5574.03 5099.69 3498.21 ShD2 Shelby Corn 15 5 
185 10555.28 8613.37 5680.77 ShD2 Shelby Corn 15 7 
186 15952.63 11584.13 _ 5799.68 OvB Olmitz-Vesser-Colo Corn 15 9 
205 13795.74 10388.29 4966.46 362 Haig Corn 17 1 
206 11158.87 8402.60 5741.99 362 Haig Corn 17 1 
207 11328.21 8410.58 4214.00 362 Haig Corn 17 1 
208 9701.89 7451.34 2781.96 362 ~ Haig Corn 17 3 
209 10696.33 8669.61 5212.14 364B Grundy Corn 17 . 3 
210 8240.60 6733.65 4367.85 364B Grundy Corn 17 5 
211 8365.23 6372.18 4264.81 364B Grundy 
_ 
Corn 17 5 
212 8782.94 6783.36 4057.85 364B Grundy Corn 
_ 
17 5 
213 9488.88 7680.19 4969.67 131 C Pershing _Corn 
_ 
, 17 7 
Mean 9950.95 7736.93 4666.82 
St dev. 3563.25 1926.58 1009.91 
Ratio 0.78 0.47 
Count 30 30 30 _ 
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Pasture pedon soil order classification by soil survey and soil description 
Pasture cores sampled in 2001 ~ 





Position # Landscape Position 
Soil Order 
According to the 
Soil Survey 
Soil Order 
According to the 
Soil Description 
LU-HC-01 2 1 Summit Mollisol Mollisol 
LU-HC-02 2 1 Summit Mollisol Mollisol 
LU-HC-03 2 1 Summit Mollisol Mollisol 
LU-HC-04 2 1 Summit/Shoulder Mollisol Mollisol 
LU-HC-OS 2 3 Shoulder Mollisol Mollisol 
LU-HC-06 2 5 Backslope Mollisol Mollisol 
LU-HC-07 2 5 Backslope Mollisol Alfisol 
LU-HC-08 ~ 5 Backslope:. : Mollisol Constructed Soil. ..
LtJ-HC-09 2 5 Backslope Mollisol Constructed Soil 
LU-H+C-10 2 3 BackslopelShoulder Mollisol Constructed :Soil 
LU-HC-11 2 5 Backslope 1Vlollisol Constructed ~oi1 
LU-HC-12 2 5 Backslope Mollisol Mollisol 
LU-HC-13 2 9 Toeslope Mollisol Mollisol 
LU-HR-01 1 1 Summit Mollisol Mollisol 
LU-HR-02 1 1 Summit Mollisol Mollisol 
LU-HR-03 1 1 Summit/(Backslope) Mollisol Mollisol 
LU-HR-04 1 1 Summit Mollisol Mollisol 
LU-HR-OS 1 1 Summit Mollisol Mollisol 
LU-HR-06 1 1 Summit Mollisol Mollisol 
LU-HR-07 1 1 Summit Mollisol Mollisol 
LU-HR-08 1 1 Summit/(Backslope) Mollisol Mollisol 
LU-HR-09 1 3 Shoulder Mollisol Alfisol 
LU-HR-10 1 5 Backslope Mollisol Mollisol 
LU-HR-11 ~ 1 7 Footslope Mollisol Mollisol 
WA-MC-01 3 1 Summit Mollisol Mollisol 
WA-MC-02 3 1 Summit Mollisol Mollisol 
WA-MC-03 3 5 Backslope Mollisol Mollisol 
WA-MC-04 3 5 Backslope Mollisol Alfisol 
WA-MC-OS 
_ 
3 5 Backslope Mollisol Alfisol 
WA-MC-06 3 5 Backslope Mollisol Mollisol 
WA-MC-07 3 5 Backslope Mollisol Mollisol 
WA-MC-08 3 7 Footslope Mollisol Mollisol 
WA-MC-09 3 9 Toeslope Mollisol Mollisol 
WA-MC-10 3 9 Toeslope Mollisol Entisol 
WA-PC-OI 6 1 Summit Mollisol Mollisol 
WA-PC-02 6 3 Shoulder Mollisol Mollisol 
WA-PC-03 6 3 Shoulder Mollisol Mollisol 
WA-PC-04 6 5 Backslope Mollisol Mollisol 
WA-PC-OS 6 5 Backslope Mollisol Mollisol 
WA-PC-06 6 5 Backslope Mollisol Mollisol 
WA-PC-07 6 5 Backslope Mollisol Alfisol 
WA-PC-08 6 5 Backslope Mollisol Alfisol 
WA-PC-09 6 7 Footslope Mollisol Alfisol 
WA-PC-10 6 
_ 




SOIL WATER CONTENT AND GRAPHS 
Soil water holding capacity data for pedons collected from the four pasture transects 





















High Quality Pastures. 
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Summit Shoulder Backslope Footslope Toeslope 
Landscape Position 
Infiltration ranking across the landscape of four pasture transects sampled in 2001 in the 
Chariton River Watershed, IA 
Explanation of Water Infiltration Rate Rankin 
Inf ltration 
Ranking 
. Ranking Explanation 
10 Rate After 1st Minute > 5 cm/min, doesn't fall below half that rate for each . . . additional minute 
9 
Rate After 1st Minute > 3 cm/min, doesn't fall below half that rate for each 
'i 1 addit ona minute 
8 Rate After 1st Minute > 3 cm/min, falls below half that rate for each additional . minute 
7 Rate After 1st Minute > 3 cm/min, doesn't run out after 15 minutes 
6 
Rate After 1st Minute > 2 cm/min, doesn't fall below half that rate for each 
.. . additional minute 
5 Rate After 1st Minute > 2 cm/min, falls below half that rate for each additional minute 
4 
w 
Rate After 1st Minute > 2 cm/min, doesn't run out after 1 S minutes 
3 Rate After 1st Minute > 1 cm/min, falls below half that rate for each additional minute 
2 Rate After 1st Minute > 1 cm/min, doesn't run out after 15 minutes 

























6.0 6.5 7.0 7.5 8.0 
Pasture 1 — pH values 
~I —♦— Core 1 
Core 2 
Core 3 
--~ Core 4 
 ~-- Core 5 
--— Core 6 
—~— Core 7 
 ---- Core 8 
~— Core 9 
 —+— Core 10 




10.0 ,  
20.0 -~ 
30.0  
40.0 ~   -- 
.. 50.0  
~ 60.0  ..~ -
~ 70.0  ~. -







Pasture 2 - pH values 
-~- Core 1 
-f- C ore 2 
Core 3 
~ Core 4 
~ Core 5 
-~ Core 6 
t Core 7 
-~- Core 12 



















4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 
  ~~ ' Core 1 
/ 
-~- 
___. ..._.. C ore 2 _ 
-_ ~ • Core 3  




6  --- ---Core 
~` -+--Core 7 
8 ,,,,6 ~ 
- ~ 
----Core 
Core 9  
~ 
--~ 
10 _ ~ -+-Core 
~ \• 




0.0 ~ . 
10.0 















Pasture 4 — pH values 
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